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Protozoology. 


Wjni.N\M,, A. ]\, M.... Thi' Trypanosome Infection of (jlos^'nna 

pallidi/fcs in tlie Tmfolosi Ganie Reserve, 
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Ondarste'poort Journal of V etermarff Science and Animnt 
Industry, Volume 11, Number' 1, January, 1034. 


The Trypanosome Infections of Glossina pal- 
lidipes in the Umfolosi Game Reserve, 
Zululand. 

(Final Report.) 


liy A. Ji. M. WIIITNALL, M.Sc., liesearcli OJfiicer (under the 
Empire Markeliix^- Board), Oiiderstepoort. 


INTRODUCTION. 

A prelim ilia ry rej)ort on this siibjeet was ])til>lished in the 18th Report 
of the Director of Veterinary Services and Animal Industry Whitnall 
This rejKU’t contained the i)er(*enta^»es of proboscis infections 
found in (tlossina paUulipvs from several trapping sections of the 
irmfolosi (iame Reserve, between November, 1981, and A])ril, 1982. 

In the present fe])ort the results of divssection during the period 
Oct(»ber, 1982, to June, 1988, are given, and a comparison is made of 
the infections obtained during this ])eriod, with those ])reviously 
rectirded. Attempts have been made to follow the jxossible effect of 
a reduction in the fly i) 0 ])ulation by means of tra])s upon the trypano- 
some infections of the tsetse. The infections found among stray 
flies have also been briefly considered. 

Data i)ertaiiiing to the vertebrate hosts of the trypanosomes is 
mentioned in couuectioii with the infections found in fly, the 
invertebrate hosts. 

A short discussion is given ii]>on a peculiar anatomical anomaly 
which h«Hs been noted in this fly. 

Further, the salient points, resulting from an investigation into 
the role ])layed by Sfomo.rps as a possible transmitter of Nagana, are 
recorded in an appendix. 


GENERAL. 

(1) Material , — Work of this nature is largely determined by such 
external factors, as wreath er conditions and the number of live flies 
obtainable. 

In all cavses the flies taken for dissection have been taken from h 
standard object, the Harris ” trap. 
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TKYPANOSOME INFECTIONS OF “ G. PaLLIDIPEvS ” IN ZX^EUEAND. 

In the preliminary report, the flies were also taken from the 
** Harris traps in the following sections of the Reserve : Siyerabeni, 

A. 5, Domba, A.4, Dadetu, A. 3, Mhluzi, B.5, and Mbuzana, B, 1. 
In the present report the flies have been taken from the traps in 
Siyembeni, A.5, Mhluzi, B.5, and Dengeza, B.4 only. 

The Sections A.5 and B.4 were selected for the following 
reasons ; — (1) The nearest possible continuous data of infection could 
be obtained from A.5, a section in which trapping has been con- 
tinuous. (2) In order that the possible effect of the diminution of 
the fly population upon infections might be followed. (3) Section 

B. 4 was selected because the fly density was greater and material 
readily obtainable. As trapping had been abandoned since December, 
1931 , the flies from this section were used as a control against those 
from A.5, an operating section. 

Harris (1932) mentions the unfortunate break in the trapping 
operations at this period. 


(2) Condition of Flies , — The condition of the flies examined is 
based upon external observations and feel 50 per cent, to 
60 per cent, of the females are regarded as pregnant, according to 
the distension of the abdomen. If, however, the females had been 
completely dissected and examined for developing larvae, it is felt 
that the percentage of pregnancies would have been higher. 

It will be seen in Tables II and III that young flies pale in 
colour and soft to touch vary in prevalence from month to month. 


(3) Sex liatio, — The sex ratio in the various sections is given 
in Tables IT, III and IV, 


In all cases there is a predominance of females amongst the flies 
examined. This predominance is due to the fact that the traj)s have 
a greater attraction for females than for males. 

Where fly is scarce the percentage of females appears to be 
relatively low (62 per cent, to 64 per cent.), while on the other hand, 
where fly is denser the percentage of females appears to be relatively 
high (71 per cent, to 77 per cent.). 


DISCUSSION. 

(1) A Comparison of the Infectivity of G. pallidipes over a 
Period of Two Years. 

Table I gives a comparison between the two periods November, 
1931, to April, 1932, and October, 1932, to June, 1933. The infec- 
tions from the different sections are given in aggregate form. i 
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TABLE I. 

The Tryanosome Infections Found in G. pallidipes from Various Localities in the Vmfolosi Game Reserve, 

Given in Aggregate Form, 


A, B. M. WHITNALL. 


0 

i 

Ph 


CQ 

s 


‘poxipi 


•poxipi 


‘ponjiq 'X 




•^SU'dlO&VLOO *X 


*98U9 JoGUoQ 'X 


'xnata *x 


•xvaia 'X 






•l«^ox 


* 01 * 0010^^1 






•OfOOlOj 




O 


05 

00 

o 




f 

CO 


CO 

CO 


CO 


s 

0 ^ 


5 

- 4 ^ 


C30 

CD 


•pauiui*oxa; 
fiOHJ JO -o^ 




1 . 

<1 

5 


I 


CO 

CO 

05 


2 


9 



T.aVPANOSOME INFECTIONS OF “ G. PALLIDIPES IN ZtXLia.AND. 


The flies were collected over a wide area, extending from the 
junction of the Black and White Umfolosi Rivers (Section A. 5), to 
the North-western Section of the Reserve (B.l). 

Comparing the infections of the first period with those of the 
latter, the percentage of flies infected appears to have increased from 
3*42 per cent, to t^ l4 per cent. There also appears to have heen an 
increase in the percentage of each sex infected. 

In the first period the i)ercentage of males and females infected 
was approximately the same (r3-31 i)er cent, males and 3*46 per cent, 
females). In the latter period more males than females showed 
infection (6*87 per cent, males and 4*45 per cent, females). 

An increase in the occurren(‘e of each species of trypanosome 
appears also to have occurred. T, vivax was the predominating 
infection in the first period, representing 45 per cent, of the total 
infections, or 1*55 per cent, tsetses harboured this parasite. T. con- 
golense represented 25 jw cent, of the total infections, or 0*89 per 
cent, flies showed this infection. 

T. vivax wag still the predominating infection during the latter 
period, representing 39*7 per cent, of the total infections and 
occurring in 2*04 per cent, flies. T, eoiigoJern^e occurred in 1*86 
per cent, flies. 

It will be seen that infections of T, hrvrei apj)ear also to have 
increased during the latter period frotn 7*6 per cent, to 12*1 per cent, 
of the total infections. The occurrence of this tryj[)anosome in the 
fly increased from 0*24 per cent, to 0*62 ])er cent. 

In the same ]>eriod the percentage of mixed infections ap])ears 
to have slightly deereavsed, i.e. from 0*74 per cent, to 0*62 ])er cent, 
flies infected. They have occurred as a combination of T, vivax and 
T, congolense, and 7\ vivax and T. hrvcvi, 

Tn considering tbe significu];^ce or interi)retation of these results, 
consideration inuvst be given to the influence of certain external 
factors. (1) For example, trapping of the flies has been carried 
on continuously in the eastern sections of the Reserve and has greatly 
reduced the fly population. (2) In the western sections tra])ping 
was abandoned from December, 1931. (3) Game and its movements 

is also a factor which must have great influence on the trypanosome 
infections of the fly. Tin fortunately this factor cannot be accurately 
recorded even by continuous observation. 


(2) A CoMPAuisoN OF THE Infections m the Two Sections 

A. 5 ANT) B.4. 

Due to the game reduction and trapping of the tsetse in the 
Umfolosi Game Reserve, no true infectivity of G, pallidipes under 

normal undisturbed conditions, is obtainable, fojr comparison. 

( 

An attempt can, however, be made to compare the infectivity of 
fly under the nearest jtossihle normal conditions^ with those which 
may be considered as decidedly abnormal. ^ 
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A. 13. M. WniTNAUL. 


There was considerable variation in the local conditions in the 
two Sections A. 5 and B.4. Section B.4 was in the abandoned area 
and consequently fly conditions were returning gradually| to normal . 
Section A. 5, on the other hand, was in the area of continuous opera- 
tion and conditions regarding fly density were abnormal, due to 
intensive trapping. 

The flies from Section B.4 were taken from three of the four 
check traj)8, which had been ])ut into operation, for the purpose of 
gaining knowledge regarding the fly density in this section after 
abandonment. The fly was found to be relatively dense as compared 
with the density in the o])erating area (60*2 flies per trap per day, 
October, 19^12). 

Numerous field traps provided the flies from Section A. 5. The 
fly density was very low (1*8 flies per trap per day, Ociober, 1932). 

The results of j)roboscis examinations from these two localities 
are given in Tables TI and III. It is thus possible to make a cA)m- 
parison over the nearest ])ossihle similar periods of time. 

The percentage of flies infected w^ill he seen to vary in the two 
localities. 

At Section B.4 during Octoher, 1932, 7*6 i)er cent, flies were 
infected and at Section A. 5, 3*5 ])er cent. In January, 1933, Section 
B.4 gave 5*2 per cent, flies infected, while Section A. 5 gave 4*4 per 
cent. The infection for April was 5-8 i)er (‘.ent. and for May 8 5 
per cent, in Section B.4, while in vSectioii A. 5 it was 3*7 per cent, 
and 5*3 per cent, for the same ])eriods. 

Further, it will l)e seen in the tables that the occurrence of the 
different species of trypanosome appears to vary at the two localities. 

The infection most commonly found in vSection A. 5 was T, Congo- 
lease, while in Section B.4 T. rivao' ai)peared to be most prevalent. 
In Section B.4 T. hrvcei fre(iuently occurs, hut this infection has 
only once been recorded from A. 5. 

A jx)iut of interest is the i)ercentage of males and females which 
showed infection, and this also seems to vary over similar ])eriods of 
time in the two localities. As the trapping of the fly might have 
had an influence on this aspect of the trypanosome infections, this 
variation has been discussed later with reference to one particular 
section. 

It is remarkable that these variations have occurred in localities 
about five miles apart, and they apx)ear to indicate amongst other 
things, that the flies do not pass with any regularity from one focus 
to another. 

(3) Vabiatton of Infeotivity fkom Month to Month. 

An analysis of the results presented in Tables II and III indi- 
cates further that the infectivity varies in one locality from month 
to igonth. 
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IN ZTJiriiAND 


TRYPANOSOME INFECTIONS OF '*G. PAELIDIPBS ” 
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TABLE 111. 

The Proboscis Infections of G. pallidipes taken at Different Intervals from the same Locality — Dengeza, B.4. 


A. B. M. WHITNAIX. 
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TRVPANOSt>ME INFECTIONS OF “ G. PALLIDIPES IN ZULITLAND. 

, For (example, at Section B.4 (Table III) for October and 
Noveniber, 1932, and for January, April and May, 1933, the per- 
centages of flies infected were 7*6 per cent., 4 0 per cent., 5*2 per 
cent., 5*8 per cent., and 8*5 per cent., respectively. 

There is further an apparent variation in the occ urreiice of the 
several trypanosomes. A predominance of T, vivax appears at 
certain })eriod8, while at others T, congolense is more frequent. In 
regard to T, hrucei it occurred from November, 1932, to June, 1933, 
in this section. 

Similarly, at Section A. 5 (Table IT) there were fluctuations of 
infection from month to month. 

From these results and those mentioned in the preliminary 
rejiort, the proboscis infections of tsetses in Zululand appear to occur 
tlu'oughout ihe year, while fluctuating in frequency from month to 
mpnth . 

No attem])t has been made in this work to determine the per- 
centage of mature and immature infections. However, in 87 i)er 
cent, of the infected flies the hyi^opharynx was found positive, and 
from this it would seem sate to assume that a large majority of the 
infected flies harboured trypanosomes of the infective form, and 
were (‘ai)able of transmitting the disease. 

(4) Possible Effect of Heducing the Fly Population by 
Trapping upon the Trypanosome Infectjons. 

Table IV gives the total percentage of infections discovered,- 
together Vith the percentage of males and females infected, aiui also 
the percentage of females examined from vSection A. 5 for eight 
months, j 

The daily density per trap is also given for the months where 
records are obtainable. 

In nature the percentage of males and females in Glossinn is 
probably 50-50 per cent., yet the ‘‘ Harris ” trap continuously 
captures more females than males. Further, as the fly population 
dwindles, the peicentage of femalevS captured ])ecomes less. 



A. B. M. WIIITNALL. 


TABLE IV. 

The Tryjmnosome Infections of G. pallidipes from One Locality 
Styemheni A. 5, showing the Possible Effect of Reducmg the Fly 
Population upon these Infections. 


Date. 

Females. 

Percentage Flies Infected. 

Remarks. 



Males. 

Females. 

Total . 
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This is clearly shown in the table. Durin^y the first period 
(December, lOfil, to Aj)ril, 19r32), fiy was still comimratively dense 
in Section A. 5 (18- 1 flies per trap per day December, 1931) and the 
I)ercentage of females was relatively hi^h. In the latter j)eriod fly 
bec 4 ime scarcer (0'4 flies per trap per day <Tune, 19'»3) as traj)pinf>‘ 
proceeded and the female perceiitafye droi)j)ed. 


These facts appear to have an influence on the infections. During 
November, 1932, to June, 1933, when the fly population had been 
greatly reduced, those flies captured in Section A. 5 showed abnormal 
■conditions in regard to infection, assuming that the findings for the 
former period can be accepted as normal. 
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TRYPANOSOME INPECTIONS OF ** G. PALLIDIPES ’’ IN ZITEULAND* 

When fly was comparatively dense in the TTmfoIosi Reserve, i.e. 
between November, 1931, and April, 1932, it was found that 3*31 
per cent, males and 3*42 per cent, females were infected in 1,606 
flies examined (see Table I). 

Duke (1930) has shown that with G. palpalis and T, gamhiense 
and T. rhodesiense there is a slightly higher percentage of females 
than males infected with the flagellates. 

Thus the two sexes of Glossina appear to be equally susceptible 
to infection with Trypanosomes. Males and females live on the same 
food, and the chances of acquiring infection must therefore be equal. 

Bearing in mind the above remarks, some facts of extraordinary 
interest appear in the table. 

In March, 1932, when the fly poi)ulation was comparatively 
dense (approximately 5*4 flies per trap per day) and the female per- 
centage of flies dissected was 87 per cent., the infections were 2*3 
per cent, males and 3*6 per cent, females. In April, 1932, with 
approximately similar density, the percentage of females examined 
was 87 per cent. No males were infected and 3 ‘8 per cent, females. 

In November, 1932, when the density had fallen to 1*8 flies per 
trap per day, the percentage of females examined was 62, and the 
infections were 9*4 per cent, males, but no females. In February, 
1933, when the density had fallen as low as 0*4, 12*5 per cent, males 
were infected, but no females. Later in May the infections were 
8*0 per cent, males and 4*2 per cent, females. 

Similarly at Section B.4 as the fly population became less dense 
(60 flies per trap per day in October, 1933, to 17 in June, 1933, using 
four check traps as basis) so the percentage of males infected increased 
from 2*2 per cent, to 14*3 per cent. The percentage of females 
caught has, however, remained the same. 

Minor exceptions occur, but the general tendency is as follows : 
As the fly population has become less dense, the percentage of flies 
infected has increased. The increase has occurred in the number of 
males infected. 

The fly i>opulation at Section* A. 5 therefore, when greatly reduced 
by trapping, has a predominance of males with a high infectivity. 

It is possible that this remarkable phenomenon might be due 
to the greater attraction of the traps for females, and in such cases 
young females would be picked up more rapidly than males. Thus 
the male portion of the j>opulation in a particular section might show 
higher infectivity than the female, due to the fact that the males 
when they happen to be caught, have had a longer period in which 
to acquire infection, 

(5) Stray Flies and their Infections. 

Three traps were erected in the southern buffer zone, within 
a radius of two miles from cainp, to determine the density of fly in 
this locality. Some of the flies caught have been examined for 
infections. 

It is of interest that the Harris trap was capable of catching 
tsetses where the population was extremely sparse. Doubtless the 
trap would be a most useful weapon when conducting a fly survey. 
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Fly was present in small numbers in the vicinity of camp. They 
appeared to be the merest stragglers from the main body of fly and 
were only trapped at irregular intervals. From 21st November, 1932, 
to 10th February, 1933, the three traps caught twenty-five flies, 
fourteen males and eleven females. 

Four females were pregnant, two in advanced stages. The occur- 
rence of pregnant females which are about to deposit larvae, probably 
has some bearing upon the young flies amongst the stragglers. One 
tsetse, a young female, was caught at the Nseleni drift, eleven miles 
from the Game Reserve. 

Eighteen flies have been dissected and examined from outside 
the Game Reserve and four were infected. The numbers are small, 
but in proportion the percentage infected appears high (22*2 per 
cent,). Once again, where the fly density was low the percentage 
of males infected was much greater than tl^e percentage of females 
infected. 

The infections found comprise three T, congolense and one 
T . brncei. It thus appears that both of the most pathogenic infec- 
tions are being carried from their source, the Game Reserve. Though 
the numbers are small the fact of infected flies straying far afield 
is one of importance, and has some bearing upon outbreaks of Nagana. 

TRYPANOSOMES OF CAME IN ZULULAND. 

This work would hardly be complete without some mention of 
the available data pertaining to the vertebrate host of the trypano- 
some. 

Four workers, Bruce (1895 and 1903) Mitchell (1914), Curson 
(1921) and Neitz (1931 and 1933 *) have investigated the reservoirs 
of Nagana infection amongst the game animals of Zululand. Neitz 
(1931) gives some details regarding the earlier investigators. 

His recent investigations which alone will be considered here, 
amount briefly to the following: — 

Two blood, two spleen, and two gland smears fi'om each of 616 
game animals ha^e been examined microscopically for blood para- 
sites. 

These 616 animals, including zebra, bushbuck, duiker, reedbuck, 
kudu, warthog, steenbuck, klij)spriiiger, blue wildebeest, waterbuck, 
and inyala, represent some of the 26,000 head which were shot during 
the period from May, 1929, to November, 1930, in the Umfolosi 
buffer zones (Harris, 1932). 

Infection was found in seven instances. These comprised four 
T. vivax and three T, congolense^ and were recorded from four bush- 
buck, two kudu, and one zebra. 

Before considering these results emphasis must be laid on the 
following factors: — (1) The periodicity with which trypanosomes 
might appear in the peripheral blood. (2) The technique employed. 
(3) The time that ex])ired after death before the slides were taken. 
These three factors have tremendous importance in regard to the 
frequency with which trypanosomes are encountered in stained pre- 
parations. 


* This paper is now in press. 
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The percentage of game infected, determined from the above 
fragmentory daia appears to be 1*14 per cent., while Ihe tsetse fly 
population on the average ajtpears to be infected to the extent of 
4*13 j>er cent. 

The complicating factors are so numerous that no attemi)t will 
be made to correlate these happenings. Nevertheless it is of interest 
to note that T, vivcuo and T, congolense have been recorded from 
game, and the former appears to be more common. 2\ hrvcei has 
not been recorded since liriice found it in 1895 and 1903, at which 
time the three species of trypanosomes had not been differentiated. 

In the fly T. viva.r and T. congolense frequently ocean* and the 
former is Ihe most common. T. hrvcei,. on the other hand, is a fairly 
rare parasite. 


AN ANATOMICAL ANOMALY IN C. PALLIDIPES 

While engaged on fly dissection a ])ecAiliaj* anomaly in the 
structure of the salivary glands and hypoj)harynx of this tsetvse waft 
noted. In 1,129 flies examined, 32, that is 2*8 per cent., showed a 
distinct thickening of the salivary glands. It w^as most noticeable 
and was detected as soon as the salivary glands were dis[)layed. 
Furthermore, in each case where the salivary glands were thickened 
the hy])Oj)harynx was invariably degenerated. 

Normally, the hyjjopharynx, a coiitinuution of the salivary duct, 
is a long slender tube extending beyond the tip. of the labrum, wliile 
the salivary glands are slender thread-like organs. Fig. 1 (a). 

In the cases now under discussion tlie glands may be sw^ollen 
to more than four times their normal thickness, and show' eonvulu- 
tions, without sign of infection. The by i) 0 ])harynx is broad and 
stum])y, being api>roxinuitely three or foui* times the normal bieadth, 
and sometimes less tlian one-tenlh of the normal length. Fig. 1 (h). 

The anomaly has been found in males, femalCwS and young flies. 
That such flies can feed, and live for some time, is borne out by the 
fact that mature t ry})anosome infections of hrucei have been 
found in some of them, indicating that the flies have lived at least 
three weeks. 

The point of iritercvst arises^ in (‘onnection w ith the trypanosome 
inf ecf ions. 

Lloyd and Johnson have stated that in the cavSe of T. hrvcci the 
hypopharynx is used only as a j)assage for mature trypanosomes from 
the salivary glands. With T. congolense and T, vivoj' pre-infective 
forms are said tc» enter the hypojiharynx and there become infective. 
The infective forms accumulate. 

Seven infections have been found in the thirty-two cases of this 
anomaly; three of the prolK)scis group (T. vivace); one of the proboscis 
and gut group (T. corigolense) and three of the proboscis, gut and 
salivary gland group (J. hrvcei). In no case, however, were ti*y- 
panosomes seen in the degenerated hyjiopharynx, and the question 
appears to arise as to whether such flies are capable of transmitting 
infection. 
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There also appears to be some doubt as to the passage taken by 
the trypanosomes in passing from the labial cavity to the hypo- 
pharynx. 

Some workers maintain that the trypanosomes enter the hypo- 
pharynx through a slit in its wall at the proximal end. Authorities, 
however, are by no means agreed that such an opening exists. If 
the hypopharynx has no such opening, then it would seem that the 
trpyanosomes enter at the opening at the extremity of the proboscis. 

When the hypopharynx is degenerated as above described, the 
passage of the trypanosomes of the T. hrucei group from the gut to 
the labial cavity, and thence through the tip of the hypojiharynx to 
the salivary glands is easily conceivable. That the tryiianosomes of 
the T. hrncei gro\ip enter the salivary glands through the tip of the 
hypopharynx seems to be further indicated by the appearance of the 
long slender proventricular forms at its tip and middle, in normal 
flies infected with hrucei. 

With regard to the transmission of the trypanosomes by tsetses 
with a degenerated hypopharynx, it is suggested that in the case of 
T. hrucei (where this organ is used as a passage only) that such flies 
could transmit trypanosomes. The normal passage through the hyj)o- 
pharynx would be replaced by the tube formed by the labium and 
labrum in apposition. Along this both saliva and the mature try« 
panosomes would pass into the wound when the proboscis punctures 
the skin. 

The infections of the swollen glands were phenomenal, as both 
glands, throughout their lengths were swarming with tryi)anosome8, 
among which were infective forms. 

In the case of T. viva,x and T, congolense, where a definite phase 
of development of the trypanosome takes place in the hypopharynx, 
it would seem that in flies in which this organ is degenerated, the 
infection could not mature, and therefore could not be transmitted. 

APPENDIX. 

Stomoxys — A Possible Transmitter of Nagana. 

A severe outbreak of Nagana occurred at the Ntambanana Settle- 
ment during the winter of 1932, and complaints were made by the 
farmers that biting flies were a great pest to the cattle. 

Acting on the instructions of the Director of Veterinary Services, 
the possible role played by these biting flies as a transmitting agent 
of Nagana, was investigated during July, August and September. 

The results obtained amount briefly to the following : — 

(1) With the aid of the Harris ’’ trap, Stomowys was shown 
to be present in enormous numbers at different farms in 
the Settlement. The species of Stomoxys captured were 
identified as S, calcitrans, S, nigra ^ S. brtmnipes and two 
species which have not been identified. 

The flies were persistent in their attacks and were a 
great pest to the cattle. 
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(2) Positive cases of Naf^ana (T, congolense and T, brucei) 
were found among the cattle in the Settlement. It is 
possible that these constituted a focus from which infec- 
tion was spreading. 

(3) Stomoxys^ dissected soon after feeding on a donkey, whose 
blood showed very few trypanosomes, were negative in 
both proboscis and gut. 

(4) When there were very numerous trypanosomes in the 
peripheral blood of the donkey, the flies readily took up 
the infection. 

(5) The longest period that trypanosomes {T, congolense) 

remained active in the gut of Stomoxys was twenty hours. 

(6) Eight per cent, of Stomoxys interrupted while feeding on 
a donkey, heavily infected with T. brucei^ were positive 
in both gut and prolwscis. 

(7; From this it seems possible that trypanosomes may be €;on- 
veyed from infected to healthy animals in a mechanical 
manner by Sfornoxys, provided that: (a) Stomoxys is 
present in large numbers, (b) Infected and clean animals 
are In (dose contact, (c) Very numerous trypanosomes are 
present in the peripheral blood of the infected animals. 

(8) No Glossinae were encountered, but no definite search 
was made for this fly 
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Thomsen’s Hemagglutination Phenomenon. 
Isolation of a “J-Like” Bacillus. 

By J. H. MASON, F.R.C.V.S., F.li.vS.K., Empire Marketing 
Board Research Fellow, Onderstepoort. 


O. ThoMvSen (1927) was the first to report upon a propagatable agent 
capable of rendering human red corpuscles aggluiinable by their 
homologous (or any other human) serum. Friedenreich (1928, 1930) 
investigated this phenomenon and showed that the action of bacteria 
upon the red cells was the cause. Speidal attention was paid to tw'o 
germs, designated the J and the “ M ” bacillus, respectively, 
isolated from somew’^hat old blood samples. 

The following report records the isolation of a germ similar to 
the “ J ” bacillus. 

In experiments concerned with blood groups in the horse the 
writer\s colleague, Ur. P, J. J. Fourie, noted that the red cells of a 
(certain horse were agglutinated by the homologous serum. This 
phenomenon occurred after the sedimented cells, in Riiiger-Locke 
solution, had been standing for 48 hours at room temperature; when 
freshly drawn no hemagglutination had taken place. Further, when 
a drop of this suspension was added to the red cells of other liorses, 
and 24 to 48 hours allowed to elapse, these cells, in turn, were 
agglutinated by their homologous sera, controls being negative. 

The “ J-like ” bacillus was isolated by plating a loopful of the 
suspension on 5 per cent, horse-serum agar at 37^ C. for 48 hours. 
Six different types of colonies were noted and numbered, and from 
each a small portion was sewn into a red cell suspension obtained 
under sterile conditions from a horse. The effect of adding 
homologous serum was noted at 1, 2 and 4 day periods, the cells 
being all the time at room temperature. After 1 and 2 days one 
lot of cells was agglutinated and after 4 days a second sample was 
clumped, the control and the other remaining suspensions of cells 
being negative. It was decided to more fully investigate the germ 
responsible for producing the early hemagglutination. 
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The “ J-LIKE ” BACILLUS, 

Morphology, — After 24 hours on 6 per cent, horse serum a^ar, 
the org'anism was noted to be a rather small bacillus, showing? branch- 
ing* (whetlier true or false was not investigated) and a large number 
of V forms. Further incubation (2-f‘i days) prodiu^ed much 
pleomorphisni ; the majority of the germs were pyriform, but coccoid, 
bacillary and swollen forms were encountered. Jt stained readily 
with methylene and tliionin blue, was Gram positive and showed 
no irregular or beaded staining witli Neisser. 

C ulti cation. — Growth was readily obtained after 24 hours (at 

C.) on the usual laboratory media, being much sparser and 
slower at room temperature. On serum-agar after 48 hours, a white, 
smooth, shining, fairly luxurious growth, resembling a thin streak 
of paint was obtained, the individual colony being round, raised, 
white, smooth, and glistening, with an entire edge. In broth and 
serum broth, a faint to moderate uniform turbidity was noted. 
Litmus milk was rendered very slightly alkaline and gelatine was 
not liquefied. None of the following “ sugars sorbite, inosite, 
glucose, laevulose, sacharrose, lactose, maltose, dulcite, mannite, 
gala<tose, salicin, adonite, inulin, raifinose (1 per cent, in 1 ]>er cent, 
peptone water) was fermented (as judged by acid and/or gas forma- 
tion) in 14 days at (-. 

Young (overnight) broth cultures showed no motility, and 0*5 
c.c. of such a culture, injected intrajieritoneally into a mouse, pro- 
duced no ill effects within 7 days. 

E§ect of AcUUng ihe liaciUiu^ to J{ed Cells. 

A loopful or a drop of culture, either broth or agar, was added 
at different times and as opportunity arose, to cell sus])ensions of 
32 different horses. After standing at loom temperature for 24 
hours, the homologous serum was added to ea(*h sample; in every 
instance hemagglutination was produced, un inoculated controls 
being negative. 

Effect of Adding Filtrate to Red Cell.s’. 

Three 100 c.c. flasks of ordinary broth were sewn with the 
bacillus and allowed to stand at room temj)erature. After 1, 3 and 
7 days the contents of one bottle were filtered through a Berkefeld 
candle, tested for sterility and, if sterile, 10 c.c. added to 10*0 c*.c. 
quantities of red (*ell sus.pension. Such suspensions, after 48 hours 
at room temperature, were tested, with homologous serum, for 
hemagglutination. In each instance, hemagglutination was pro- 
du(‘ed, control uninoculated suspensions, standing under the same 
conditions being negative. 


Discussion. 

The ‘ST ” bacillus as described by Friedenreich is very similar 
to the germ noted here. The agglutinative efPect of both appears to 
be identical. In their angular type of growth, their biochemical 
reactions and their lack of action upon smh media as gelatin and 
milk, no difference can be detected. The “ J ” bacillus would appear 
to grow less vigorously on agar and to retain Gram’s stain less firmh/ 
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than the organism here described. Friedenreich stresses that his 
bacillus does not grow at C., the optimum temperature being 
about 20^ C. The bacillus obtained from the horse cell siispension 
was isolated at 0. and grown as a routine measure, at this tern- 
I^erature. However, on two occasions this did not hold — (1) a sub- 
culture from a month old sealed-off agar slope did not grow at 37° 
C. but did so at about 23° C. and w^as then subcultivable at 37° C. 
and (2) three 100 c.c. flasks of broth inoculated in parallel with 
those mentioned under the “ effect of adding the filtrate to red 
cells wshowed no signs of growth (and no agglutinative effect) after 
14 days in the incubator; further sojourn at room temperature pro- 
duced no growth. It is thus possible that the optimum growth tem- 
perature may be determined by a })hase of the germ or by some 
f a c tor u n kn own . 


Conclusions. 

13ie isolation from a horse red cell suspension of a micro- 
organism resembling Friedenreicirs “ J” bacillus, is described. 
This germ, added to red (‘ells, produ(‘ed Thomsen’s hemagglutination 
phenomenon. 
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A Note on the Cultivation of Anaerobes. 


By 

J. H. MASON, F.ll.CW.S., F.K.S.E., Empire Marketinf^ Board 
Hesearch Fellow, OrHlerstei)oort. 


Thk writer (19;i0) reported that the addition (5-10 ])er rent.) of a 
mixture of equal ])arts of sheep serum and sheef) haemolysed red 
C3ells (filtered Ihroxi^h a Berkefeld eandle) to nutrient a^ar ^ave 
better growth results with anaerobes than the addition of serum 
alone. The results were nearly, and often as ^‘ood, as those obtained 
with blood a^ar and in addition the medium was olear, a decided 
advantage in the surface isolation of bacteria. The ^reat 
disadvantao-e has been the ensuring* of sterility of the serum-cell 
nutrient. Not uncommonly faulty filter candles allowed bacteria to 
pass and further the fluid had to be stored and samj)les taken from 
it Avhilst in the un preserved state. Attem])ts were therefore made 
to obtain the serum and haemolysed-cells in as sterile a fashion as 
possilde, to destroy any chance bacteria that migdit have gained 
access during manipulations, without altering* the consisten(‘y, 
apijearance or nutritive ])roj>erties of the mixture and, if possible, 
to increase the concentration of laked corjmscles in the haemolysed- 
cell portion. 


( ) I rr A 1 N I X ( j HIE Blood. 

Sheep were used as donors of blood and in all instances the 
wool was (dosely (*lii)i)ed from the jugular region and the animal 
bled in a relatively <lraught free, clean room. The bleeding* a]>paratus 
consisted of a large bore needle, to which was attached a length of 
rubber tubing, terminating in a piece of narrow glass tubing ])rovided 
with a cowl. This and all glassware and media used were autocdaved 
for half an hour at 120^ V. prior to use. The effect, on the 
sterility of the blood, of disinfecting the skin with Tr. iodi, 5 i)er 
cent, phenol and 5 j)er cent, lysol, of touching one small area with 
50 per cent, lysol, of a double sterilization (day interval) with 
50 per <‘ent. lysol, and of thoroughly (deansing the skin with soa[) 
and water prior to disinfection, was noted, by running about 3*0 c.c. 
of blood directly into broth and liobertson\s meat broth and 
inc ubating these for 7-14 days at 37^ V, The incidence of infection 
Mas rather high although it was noted that groMdh seldom oc curred 
before the 3rd or 4th day, indicating that only a fcnv germs had been 
introduc'.ed. The method finally decided u])on and uhich gave the 
highest i)ercentage of sterile blood was as folloM s : The jugular area 
Mas cii])ped ami cleansed uith alcohol, folloM^ed by ether, the needle 
M^as inserted into the vein Muth one thrust and about 30 0 c.c. of 
blood allowed to escape; then the blood M^as run into sterile tubes 
or flasks and allowed to cdot and a small ciuantity of blood (to 
fiaturation point) laked in distilled water. Whilst this method has 
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given the best results from a sterility standpoint, the credit for it 
cannot be entirely allotted to the use of alcohol and ether and the 
allowing of the first flow of blood to e8cai:)e. With practi(‘.e one 
is able to ‘‘ hit ’’ the vein at the first thrust, and thus the chances 
of contaminating the needle point are reduced. 


Pheparation of the Sehfm-Haemolysed-Cells Mixture. 

The serum is allowed to sei)arate and mixed with an equal 
volume of haemolysed red cells, sterile precautions being adopted. 


Sterilisation and Preservation of the Mixture. 

The effect of adding glycerine 20 per c*ent., acriflavine 1/5,000 to 
1/20,000, formalin (40 per cent, formaldehyde) 0*05 per cent, to 
0*2 per cent., hydrogen peroxide 2*5 per cent, of 3 vols., i^etrol 
(excess), chloroform (excess) and ether (excess) to the mixture, 
containing a looj)ful of a dilute suspension of N. pesttfer, Bad, 
coll, or a staj)hyloccus and incubating for 24 hours at 37^ C. and 
then putting up sterility tests, was noted. All except ether were 
discarded as unsuitable, e.g., acriflavine in non-precipitating 
concentrations and HaUg did not sterilise, formalin sterilised hni was 
bacteriostatic when the mixture was added to agar and this inoculated 
with an anaerobe, and petrol and chloroform produced unsightly 
sediments. Ether answ'ered the piirjmse sativsfactorily. Neither the 
colour nor the consistency of the mixture was materially altered, 
excess ether was driven off at 37® C., that remaining in solution 
being diluted below its effective bacteriostatic range wlien the 
mixture was added to agar. To test its bactericidal power a loopful 
of a dilute susj)ension of a coliform bacillus, two different stajihy- 
lo(H)cei and a member of the salmonella grou]) was added respectively 
to tubes (10*0 c.c. amounts) of the mixture and incubated for 24 
hours at 37® C. Sterility tests were then put up. The control tubes 
(mixture ])lus bacteria without eth^r) all showed jjrofuse growth on 
agar j)la1es and one etherised sta]>hylococcus tiihe showed a few 
colonies (indicating a definite although incomiilete hactericidal c^ffect) 
whilst the remaining tubes w'ere sterile. As a routine measure, since 
this test, an occ asional tube of mixture has had added to it a small 
quantity (usually a IcKipful) of a dilute suspension of Barf, coh\ a 
staphylococcus or a streptococcus, plus an excess of ether. After 
incubation for 24 hours at 37® C. a sterility test is condmted. In 
no instance has growth of the organism been demonstrated ; the 
mixture is either sterile or the number of germs has been greaily 
reduced as judged by the i)aucity of growth on plates compared with 
that from the control unetherised tubes. Further, from a sierility 
standpoint the method has proved satisfactory in as mu(*h as, over 
a j)eriod of 18 months, the incidence of infected agar jilates 
attributable to contaminated mixture has been very low. A few 
tests, conducted as above, but using anaerobes such as B, tvelrhii 
and B, sporogtmes, showed that ether was unable to kill these germs, 
even after incubation for 3 days at 37® C., with a jmorly sporulating 
germ like B, welchii there was definite evidence of bactericidal action 
but with B, sporopenen, which sporulates cojnously, this (‘ould no^ 
be demonstrated. 
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BoiLKl) Ai.RALISEI) SkhUM and SERUM-HAEMODySED-CEELS. 

Jt iri well known that serum or plasma whifjh has been rendered 
very alkaline by the addition of KOH may be boiled without 
coa^^ulation occurring*. The same applies to serum-haemolysed-eells. 
Suoli boiled material when added to media has jiroved to be growth 
stimulating to bacteria [Leusden (1932), and Wahby (1932)]. 

A lew exjieriinents were carried out on the growth-enhancing 
eftect of such boiled niaterial on a number of anaerobes. To a 
series of iul>es (‘ontaining resjiectively sheep plasma, serum 
and seu-uin-haeinolysed -colls was added from 0*25 per cent, to 1*5 per 
cent, of N/1 KOII, and the tubes boiled for from J to 1 hour. The 
niaterial uas then neutraliy.ed with HCl to pH 7 *3-7 *4, and added in 
aj)i)roxiinate]y 10 per cent, quantities to nutrient agar and meat 
broth. These were inoculated with ajqiroximately the same quantities 
of young broth cultures of different anaeiobes {B. irrlrhtt\ B. 
corhirarrtfs 2 strains, B. cliauvoei 2 strains and B. multifctiiu^ntans), 
and cailtivated, under anaerobic* conditions, for jieriods of from one 
to three days. In brief, the results were disaj)])ointing ; in every 
instance the boiled material was less growth-st imulating than the 
etherised seium-cells mixture* (as above) and frecpiently as good or 
better growth was obtained in media containing no addition. Tabl(3 
I re(‘ords one such result; agar containing a])proximaiely 10 per cent, 
of etherised serum-(‘ells, boiled plasma (1 honr, 1*0 ])er cent. N/1 
KOTI) boiled serum-cells (as plasma) and with no addition were 
poured as plates and after drying overnight on the incubator, were 
streaked with a young B, wclchii broth culture. They were then 
cultured for 24 hours in a McIntosh and Fildes' jar. 

TABLE 1. 

Kffrct of Boiled /*losma, etc., on Groirfh of B, trclchii. 

Addition to agar. So. of cotonirff. 

plasma 43 

Hoilorl s<‘rum~<('IIs JO 

Ktli<*nse<l serum-cells (’onlluerit groAvth. 

Nil 10 

In tuHluM- tests the results varied somewhat, e.f?., “ Imiled 

serum-eells ” was better titan ‘‘ boiled jdasma ” or " nil ” Avas 
etiual to boiletl plasma ” but in all instanees Ibe etherised seriim- 
eells <>ave by far the best results, 

(' 0 N{ KNTKATION OK T1!K 11 AKMOI.YSEn-CKnL I’Oin'IO?! Ol' Tm; MlXTX KK. 

The ]M>ssibility existed that by inereasiu}>' the concentration of 
the liaemolysed-eeil portion of the mixture, better f^rowth results 

would be obtained. A number of experiments were carried out to 
determine the haemolysin}? effect of saponin on oxalated sheep hlood. 
It was found that a dilute solution (1/400) of saiconin in distilled 
water would haeinolyse many more red c'ells than would distilled 
water alone. A state could be reached where the laked cell fluid 
was quite mucinous and of a vei'y dark red colour, and further such 
material mixed with an ecpial volume of serum and added to ajyar 
^ve satisfactory growth results. However, comparative te.sts did 
not show that such a mixture had any advantage (from a growth- 
simulating 8tand]>oint) over the routine serum-cell mixture, but on 
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the other hand had the definite di8advantag‘e of rendering the medium 
dark in colour and translucent. It was only with difficulty that 
bacterial colonies could be clearly seen, viewed from the back 
of the medium. Whilst a point could be reached by the use of a 
suitable concentration of saponin, where more cells could be laked 
than in distilled water alone, and the final medium was clear, the 
fact that no better growth-results were obtained than with the 
usual method rendered further work in this direction superfluous. 

The Use of Etherised Serum-Cells in the Cultivation of 

Anaerobes. 

The writer (1930) has already recorded experiments comparing 
the growth-stimulating effect of serum and senun-cells from the 
sheep and horse. li may merely be mentioned here that etherised 
serum-cell mixture has the same effect as filtered serum-cell mixture. 
With less delicate anaerobes such as B, welchii, Vihrian septiqve and 
B, sporogenesy the growth is as good as that obtained upon blood 
agar; with B, cimaivoei the result whilst sometimes not quite so 
good, is nevertheless, perfectly satisfactory. Further, there is the 
advantage of being able to keep at hand a supply of sterile material 
and of having a nearly transparent medium. 

Conclusions. 

1. A method of obtaining and sterilising a serum-haemolysed- 
cell-mixture is described. 

2. Its growth stimulating effect on anaerobes is noted. 

3. Boiled alkalised serum and serum-cells have no growth 
stimulating action on anaerobes. 
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The Liquefaction of Inspissated Serum by 
the Lamb Dysentery Bacillus.” 

iiy J. 11. MASON, F.R.O.V.S., F.li.S.E., Einj>ire Marketin^>* Board 
Research Fellow, Onderste])oort. 

llAi.LiN(i and later Mason, Ross and Dallino; re])orled 

tlial the laml) dysentery ])acillus liquehed ins])issate(l horse serum, 
and emphasized tliis ])oijit when com])arin^* it with classical 
/y, wcJcfni, Recently the ])resent writer examined original 

and single cell cultures of the lamb dysentery l)acillus, B, prdndis 
(McKwen) and of B, ircldn/^ and iound that in no instance was solid 
sej um li(|uefied. A.^ ])ossi])le explanations of' this a[)j)arent anoinal> , 
il was su^‘«*ested that either tlie original lamb dysemtery (‘ultnre y\as 
contaminated with a })roteolytic organism at the time when the first 
iei)orts were jmblished, or tlmt J^iiftier's ins])issated serum had, in 
the ])ast, been used instead of solid serum. 

While Ixdh these possibilities existed and were, at th(» time, 
the only ones tliat occurred as likely ex j)lanations, the writer was by 
no means convinced that they were the true reasons, nor did he feel 
at ease' in su^’^est in^* thtuii, tor the f'olloyvin^' two reasons: — 

I. Idle oii^'inal lamb dysentery culiuie, uj)on u hich most of 
the u(u*k was dom‘, was umler constant observation for six years * 
and was subjected to some mani j)ulation (platinf>*, shaking*, et<*.), 
almost tlaily. ith the eX(*eption ol single <*.e]l isolation, evei*v 
standard method of purifying* anaerobes was ado[)ted in the atteui])! 
to isolate a ]>roteolytic contaminant. At ih) time yvas tlune any indi- 
<;ation that the culture was imi)ure. Furthei*, cultures submitted to 
and returned from other yyorkers, all exjiert in anaerobic techni(|\ie, 
behaved like the original, both toxico-serolo^ically and culturally. 

in addition to the ori^ifial culture, some JO other strains were 
isolated from lambs affected with laml) dysentery. Whilst these 
were not submitte<l to the same detailed treatment as the ori^^iiial, 
still, the plat in ^-s, shakin^^s, and ra])id sulxniltures tliat weie con- 
ducted should have resulted, in all cases, in ])ure cultures. If the 
lamb dysentery bacdllus had been, at the time, an a(‘cej)ted entity, 
the resultant cultures would have been acce])ted as j)ure. 

The main diffi<‘ulty in the acceptance of the [uirity of these 
c.ultures yvas the fact that they all rapidly liquefied solid stuum. The 
time elapsino* between ino( illation and comineiu*emeut of liquefaction 
varied, deiiendin*** on the strain (and no doubt on the amount of 
inoculum, medium and anaerobiosis), but within one week every 
strain had to some definite extent caused Ihjuefaction, and usually 
not tjiore than 48 hours yy as reqiiiied to see softeninf»; of the mediuin. 

* At the Wellctmie PhysioloK»cal Research Laboratories, Beckenham. 
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Whilst the failure to (leiiionstrate a proteolyti(t contaminant did 
not rule out the iK)S8il>ility of its presence, there was definite reason 
to consider that the cultures were pure. 

3. That Ldflier’s serum medium wuis, on occasion, used instead 
of coagulated seium, is a possibility, but that it was used on all 
occasions is ■ extremely unlikely. 

The author’s attention was a^ain focussed on the subject by 
statements of Tunnicliff (19:W) and of Dallin^* (])ers()nal communi- 
cation). Tunnicliff, working on a lamb dysentery-like disease in the 
Ihiited States of America, stated that Dallin^'fci lamb dysentery 
buciiliis liquefied solid serum. Dallin^', discussing wdth the writer 
the toxin-producinj** power of lamb dysentery and lamb dysentery- 
like organisms, noted that the toxin ]>roduced by his orif>inal 
organism, sealed ofi since 1922, differed from that ]3rodu(.*ed by a 
serial subculture of that organism, maintained in the laboratory by 
short interval subcultures in meat broth. It was such a subculture 
that was brou^»*ht to South Africa in 1931 by the author and on whi(*h 
the work already noted (1933) was carried out. Sin(‘,e this investi- 
gation was commenced (llenny, Barr, Jones, Dulling' and Boss (1933) 
have imblished an article in which they state that the lamb <lysentery 
bacillus has, sinc e 1930, undergone a change in its toxin-jiroducing* 
power.* 

Being given these facts, it occurred to the writer that there was 
the p<)ssil)iliiv that, in addition 1o an alteration in toxin ])rodu(*tion, 
the 1930 subculture of the lamb dysentery bacillus had also under- 
gone another change, viz. it had lost the jmwer of liquefying solid 
serum. The author had at his disposal a number of B. welrhii -like 
anaerobes, including, through the courtesy of Dalling, a subcviltiire 
of the lamb dysentery bacillus 1922 ” and of another rec'.ently 
isolated lamb dysentery strain ** D 3 The cultures, other than 
lamb dysentery “ 1922 ” and “ U 3 ”, had all been ” single celled ” 
many times and no original c-ulture had been retained. All strains 
were sowii trom young meat broth cultures on to inspissated horse 
serum and Loffler’s serum medium and incuibated in a McIntosh and 
Fildes’ jar at 37® (\ No tube (unless liquefaction w^as definite at 
an earlier date) was discarded until a month had ela})sed. 

Lciffler's medium was liquefied rapidly by all cultures, being soft 
and liquid at the bottom of the tul)e in 5-7 days and nearly com- 
pletely liquefied in 10-14 days. Charts I and 2 give the history of 
the lamb dysentery 1922 ” and TT 3 ” sirains res])ectively on 
solid serum and Table I of the other organisms on solid serum. It 
may be stated that when solid serum w’^as liquefied by either lamb 
dysentery 1922 ” or ‘‘ tJ 3 ” this was evident in a few days and 
nearly complete in 10-12 days. 


* As this ehonge in the toxin-producing power of the lamb dysentery 
baciiius will torin the subject of a communication by Dalling and his colleagues, 

the writer is only at liberty to state that such a change has occurred, 3;irithout 
indicating the nature of the change. 
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CHART 1 . 

L.p> 1022. 

(originat culture) 



SC. 

1 

S.C. 

1 

S.C 

1 

S.C. 

1 

S.C. 

1 

1 

ss. 

1 

S.S. 

1 

SJ5. 

1 

S.S. 

1 

S.S. 

(L) 

(L) 

(L) 

(L) 

(L) 


CHART 2. 
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Table 1. 

Effect Oil Solid Servm 

OrgatnaiN , (one month). 

L.U. 19;K) (8.C.) No effect. 

Ovitoxicus (Bennetts) ,, ,, 

Paliuiis (McEwen) (s.c.; ... ,, ,, 

Welchii (S.R. 12) (s.c.) ... Soft at bottom. 


Tabi.e 11. (See Charts 1 and 2.) 


Orgttniam, 

L.I). 1922 () 
L.l). 1922 A 
L.I). 19d0 (s.c.) 
U d () 

V ;3 A 


/\ypc of L.I). To,H7i Erodnccd. 
1922 
imo 
imo 

1922 

1922 


s.c. — single cell culture. 

O and A — See Text and CUuirts 1 and 2. 


Discussion. 

Reference to Charts 1 and 2 and to Table J explains the a])])arent 
discrepancies in the statements of Balling* and Mason res])ectively 
on the serum licpiefaclive pro])erties of the lamb dysentery bacdllus. 
The organa] and single cell cultures of bolh lamb dysentery “ 1922 
and “11 d jjroduce rapid liquefaction, whilst, as ])reviously 
rejiorted, the 19d(l subculture fails to do so. It is remarkable that, 
quite fortuitously, the first single cell (A) isolated from the “ V fi 
strain was non-liquefactiY"e : tJ daughter cells, obtained from it, j)ro- 
duced after weeks incubation, a softening and ])arlial lupiefaction 
of the bottom portion of the medium. On the othej* hand, 7 other 
single organisms separated from the original (O) serum (julture, 
behaved as did their jjarent, vi;«. they ])roduced rapid liquefaction. 

Table 2 records the type of toxin produced by the lamb dysentery 
and “IT d ’’ strains. It will be noted that the toxin of lamb 
dysentery “ 1922 ’’ (original) and “ U ^ ” (original and single cell) 
was of tile “ 1922 “ variety, whilst that of lamb dysentery “ 1922 
(single cell) and lamb dysentery “ WIM) ” (single cell) was of the 
19^30 tyi)e. On each of three separate tests put up with the two 
last-mentioned strains the same result was obtained. 

None of the other three B. weJr/ui-\ike anaerobes produced true 
liquefaction within one month. B. welchii., itself, definitely softened 
the inspivssated serum after d weeks’ incul)ation, but this was con- 
fined to the bottom jmrtioii of the medium and was in no way com- 
l)arable with the almost comi>lete liquefaction by lamb dysentery 
1922 ’’ in less than one fortnight. 

The “XT rt “ (single cell) A cuilture, whilst failing to licpiefy 
solid serum, produc.ed the “ 1922 ” tyi>e of toxin. How often such 
a variant may be obtained is unknown, but the fact that such a one 
has been demonstrated shows that the absence of liquefactive power 
is no proof that a strain cannot x^roduce the “ 1922 ** typ<^ of toxin. 
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The relative uiiiini)ortan(*e of liqiiefactive jKiwer in it8 connec- 
tion Avith toxin production is further exemidified by the fact that 
lamb dysentery (single cell) A l)rou^:>:ht about rapid liquefaction but 
yet })roduced the 19d0 type of toxin. 

(k)Nrnr SIGNS. 

1. The original statement of ])allinj»*, that the lamb dysentery 
ba(*illus ra])idly liquefies ins])issated horse serum has been confirmed. 

2 . A serial sulxuiltiue of Dallin^’s original strain has lost its 
liquef active power. 

d. The |)ower of liquefying solid serum (or the la(*k of this 
powei') should not bo ai)j)lied as a “ major ” test in classifying a 
lamb dysentery-like mici'o-organism. 
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Descriptions of New Species of Anoplura 
Parasitic on Antelopes and a Hare. 

By G. A. IT. BKDFOm), Beseareh Officer, Onderslepoort. 

SU BOB BE R M A LLOPllA GA . 

Gkm’s Bovicoi.,! Ewmci. 

Bo ncola Bedford, Hep. J)ir. Vet, Serr. and Anim. Jndust., 

llii. S. Afr., XVITI. p. d(;i. 

Bo ncola pelea ]iov. sp. 

(Fios. 1-d.) 

Onk male and several females taken off Vaal Tlhelxik, Pelea capreolus 
(Ikdist.), Naaii\vi)oort, (\P., July 29tli, (coll. Austin Roberts). 

TIolotype the male. 

Male . — Total leu^ih O JKS mm. Head ()-2(>x0 ^^(1 mm. Forehead 
very sli^^htly eniar«inated in front. Antennae with the first se^»*ment 
slioditly wider than in the female and nearly as lou^* as the second 
and lliird sefj*ments tooefher. Abdomen widest at the third segment. 
Termites i and vii each with a single transverse band and a row of 
short setae beneath it. Ter^'ites ii-vi each with two narrow, transverse 



Fig. l.^Bovicola pelea nov, sp., dorsum and venter of bead and thorax of P 
CI.A.H. B. del. 


41 


NEW SPECIES OF ANOPLUEA PARASITIC ON ANTELOPES AND HARE. 


basds^ the one being incourtpicnoiis exctepi on tergites ii and vi, and 
with a transverse row of short setae ; on tergite ii the anterioi* band is 
emarginated posteriorly. Apical tergite with a small median plate 
and numerous minute setae. Sternites each with a single broad, 
transverse band and a row of short setae on the posterior margin. 
Paratergal plates (^pleurites) only developed on segments i-iv. Male 
genitalia with the basal plate abrujitly constidcted near the apex; 
parameres curved and sejiarated ; endomeres elongated, broadest at 
their bases and pointed at the extremities. 



Fi^. 2, Hovicola pelea nov, sj)., apical torgites and sternites of 9- 
G. A. H. H. del. 

Fig. 3. Jiovicola pelea nov, sp., apical tergites and sternites of <5 • 

G. A. H. B. del. 

Female, — Total length 1*2() mm. Head x O db uuii. Difl'eis 
from the male in having the first antennal segmeni shojter and 
narrower; the paratergal plates are well developed on segments i-vii, 
and there is only a single transverse band on each tergite, except the 
last which has a sihall baud on each side, and the band on tergite ii 
is not emarginated posteriorly. 

This species can be distinguished by its small size, being the 
smallest species of Borieola known, also by the male genitalia, 
gonopophysis of the female and termiual abdominal segments in both 
sexes. The male resembles 13, painci (Kellogg^ and Nakayaina) in 

having the basal plate (constricted near its apex ; also in having the 
transverse band on the second tergite emarginated posteriorly. In 
13, jminei the paratergal plates are w’ell developed ill the male, and 
the setae on the abdomen are more numerous in lx)th sexes. 
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Bovicola hilli nov. sp. 

(Figs. 4-6.) 

One male and three females kindly sent by Mr. Laurence Hill, 
taken off waterbuek, Kobns eUipsiprynniun (Ogilby) in the TJmfolosi 
Game Reserve, Zululand. Holotype the male in Mr. Hill’s collection. 



G. A. H. B. del. 



Fig. 5. BovicOlw hilli nov. $p., apical tergites and sternites of cf. 

G. A.JI. B. del. 




NEW SPECIES OF ANOPIA'EA PARASITIC* ON 4NTEEOPES AND DARE. 

Male , — Total length 2* 11 mm. Head ()‘o0x()*54 mm. Fore- 
head slightly emarginated in front. Antennae with the first segment 
long and broad, the second the shortest. Tibiae and claws of the 
mid legs slightly longer than those of the hind legs. Abdoinen 'with 
(renulated lateral margins, widest at the third segment. TergitCvS 
and sternites highly chitimms, each with a transverse row of short 
setae; a well developed longitudinal plate jjresent ou the venter on 
each side of the male genitalia, (lenitalia with basal plate w’ider at 
the base than apex; parameres small, a])parently fused with the 
endomeies, which ai*e long and straight, and gradually nairowing 
from base t^) apex. 


Female . — Total length 2' mni. Head 0 -50 xO -54 nnn. ]Jiffei\s 
from the male as follows; The first antenna] segment is the shortest, 
being slightly shorter than the second segment. Tergites and 
sternites i-v each with a transveise brown band and a row of shoit 
setae; the remainder of the segments being almost entirely brown. 
Gono])ophyses shaped like a boot. 



Fig. 6. liovicola him nov. .s;?., apical tergites and sternites of 9« 
G. A. 11. R. del. 


This species appears to be closely related to 7^. [yuneia (Piaget), 
w’hi(*h was desmibed from a female, obviously a sliaggler, reported 
to have been taken off a Tjainpi aloniiH sp. (starling) in the heyden 
Museum. D. hllli is the largest species of Bor/cola known, and the 
female can be distinguished from that of B. puncta in possessing less 
setae on the margins of the forehead and temples, and the apical 
tergites and sternites also appear to be slightly different. 
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(tknu s T h I ch oltpeiikii s Bedfoe 1> . 

TricholipeuruH Bedford, 19d2, Rep. Dir. TV^. Seir. and Anim. 
Ivdii.,1., Tin. S. Afr., XVIIT, p. im. 

In 1929 I des(‘ribed a new species, T ruholipeyrns ttepycerus, 
reported io have been taken off an inipala, AepyreroH nivlamptis, on 
the Kuiiene lliver, South-West Africa. Recently 1 re(*,eived several 
spe(*iinens, which pr'f)ve to he new, collected hv Dr. Hioinas and 
Mr. Neitz oft the same host in the Kruger National PaJ*k, Transvaal. 
On empiiring from Mr. Austin Boherts whether the western imi)ala 
was tile same s^ief ies as the eastern form, he informed me that A. 
mein m pus had a wide range in South Africa and extended from the 



Fig. 7. 

Fig. 7. Tiichuhnemu^ dongatus uov. sp,, dorsum and venter of head and 

thorax of d • 


G. A. 11. 13. del. 

Fig. 8. Trichofipcdi us elnngafus uov. sp., apical tergites and sternites of c? . 
G. A. H. 13. del. 

east to the west; also that a second species—the Angola im])ala, 
Aepyceios peters/ Boch, occurred in the west, and (\iptain Shortridge 
had* informed him that he ha<l found this species as far south as the 
Kunene Biver. From this it would appear that T. aepyeerus was 
taken off A. peters/ and not A. /nelan/pvs, and that the latter buck is 
the true host of the new species described below. 



NKW SPECIES OF ANOPLrRA PARASITIC ON ANTELOPES AND HARE, 

Tricholipeum^ elongafAis nov. sp. 

(Figs. 7 . 9 .) 

Male , — Total length 2*76 mm. Head 0*()3x0*36 mm. Forehead 
deeply emargiiiated in front, with a transverse row of only six 
minute setae behind the cdyi)eal plates. Antennae with the first 
segment broad^ slightly longer than the second and third together; 
third segment with numeious very minute spines on the inner margin. 
Legs w'ith the mid tibiae narrower than the fore and hind tibiae, and 
the claws of the mid legs are slightly longer than those of the hind 
legs. Abdomen elongated and narrow with c.renulated lateral 
margins. Tergites and sternites each with a largish median plate. 



Fig. 9. Trickolipeurus elongatus nov, sp., apical tergites and sternites of Q, 
G. A. H. B. del. 



Fig. 10. JELaemodipsus africanus nov, sp, genital region of 9* 
G. A. H. B. del. 
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also a transverse row of short setae, except on sternite i ; tergite i 
with a narrow marginal band; tergites ii to vi each with a comma- 
shaped plate in front of each spiracle, and close to these and nearer 
the middle there is a small, forked chitinous marking. Genitalia 
with the parameres joined, forming a pseudopenis which is asym- 
metrical at the junction of the arms; endomeres long and straight, 
wider at their bases than at their api(‘es, alwive them there is a small 
median plate. 

Female . — Total length 2 8 mm. Head 0 * Od x 0 * mm. Differs 
from the male in having the first antennal segment shorter and 
narrower, and the median bands on sternites v to viii are fused, 
Gonopoiihyses shaped like a Ikm)!. 



Fiji;. 11. L'morjiiathus lewitii now sp,, genital region of 9. 

G. A. H. B. del. 

Tlolniype a male. 

T. clongalvs is the longest species known. It resembles both 
T. aepycerus Bedford and T, lerou.tt Bedford in having the forehead 
deeply emargiiiated in front. From both these and the other known 
specdos it can be distinguished by having the temples jiixijecting back- 
wards on to the ])rothorax, also by the aj)i(ial tergites and sternites 
and male genitalia. 

STJ B( mm: h s j p b t i i\ ( u i , a ta . 

Genus Hakmodipsi s Knderlein. 

Haemodipsxis Bedford, 1932, Rep. l>\r. Vet. Serr. and Anini. 

Indust., Un. S. Afr., XVIIT, p. 407. 

IlaeniodipsHS Ferris, 1932, C out rib. Totrard a Mon. Suck. I Ace. 

Stanford Uni vers. Pnh. Univers, Series, 
Biol. Series, II, No. 5, p. 59. 
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Haemodipsus africanus nov. sp. 

(Fi#?. 10.) 

A single female taken oft' Leptia zvluentsis Thos. and Schw., 
Jericho, Transvaal. 

Female. — Total length 1*9 mm. Resembles H. lyriocephalus 
(Biirm.) of which Ferris (19*12) has given an excellent figure, in the 
shape of the head, thorax and abdomen, also in the chaetotaxy. From 
this species it can be distinguished in possessing paratergal plates 
( = plenrites) on the third to sixth segments as in IT. renfrirottus 
(Denny) and IT. setoui Ewing. They are very small, merely forming 
a slight tooth as in //. vcutricosvs. Sternal plate on the thorax trans- 
verse and narrow’, similar to that of H. ventricosns. The genital 
plate (Fig. 10) is sligthly more developed than in the other species, 
and the gonopophyses even less developed, being merely indicated by 
a row of short setae on each side below’ the genital plate. 

GkiN rs jHNOfiNATiirs Endkklein . 

I/niixjnaihnH Bedford, 19^12, liep. Dir. Vet. Serr. and Anini. 
huh^t. Un. S. Afr., XVIII, p. 408. 

LinocjnathvSj Ferris, 1932, Contrih, Toward a Mon. Siw/c. Lice. 

Stanford Uni vers, Pvb. Univers. Series. 

Biol. Series, TI, No. 5, p. G(). 

hi nognaih us leivisi nov. sp. 

(Fig. 11.) 

Three females taken off Gazella thomsoni, Giinth., Naivasha, 
Kenya Colony (coll. E. A. Lewds). 

This species belongs to a small group of forms wdiich includes 
L. pifhodes (himmings, L. hedfordi Ferris and L. spicatiis Ferris, all 
of w’hich Ferris (1932) has given excellent figures. They are all para- 
sitic on antelopes and very closely, related to each other. They may 
be distinguished in having a short, broad head, broad thorax and 
abdomen, and numerous lanceolate setae on the dorsum and venter 
of the abdomen. Both h. bedfordi and L. .spicatu.<t are only found on 
the bare parts of their hosts, siudi as the thighs, axillae and eyelids, 
and it is ([uite possible that the other .species belonging to this gioup 
have similar habits. 

L. lewisi resembles both L. pifhodes and L. bedfordi in having 
the claws of the anterior legs more slender than the others, whereas 
111 Jj. spicai'us they are stouter and almost the same size as those ot 
the mid and hind legs. 

Female. — 't otal length 1*() mm. Head and thorax as in the other 
species included in the group. Abdomen with the lanceolate setae 
slightly more numerous than in L. ptihodes and L. bedfordi. Uenital 
plate widened at the apex, whereas it is linear in L. bedfordi and 
absent in the other twTi species; above the plate there are five long 
setae. Gonopophyses touching in the middle, with three long setae 
at their rounded extremity; at their apices there is a small plate on 
each side, these being absent in the other species. 
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South African Ticks. 


PAKT I. 


Jiy (i. A. li. BEDFOlll), Kesearch Officer, Oiulerslcpoort . 

It is years ag*() since NutUill and Warburlon published Part I 
<it' tlieir M<.)ii()gTaj)li of the Ixodoidea, and Howard his paper on South 
African ticks in the Annals of the Transvaal Museum. As both these 
works are now out of date, the former has never been completed, and 
the latter is now out of print, it was coJisideied advisable, in view of 
the importance of ticks, to prepare the piesent work. Owing* to the 
cost of luiblishing this work it will appear in about four parts in the 
( )nderstepoort Journal of Veterinary Science and Animal Industry. 
Sufficient reprints will be printed so that the work, when 
complete, can be published in book form. Part 1 deals mainly with 
the spe(*ies of Argasidae. A (*om])lete list of references will be given 
in the final part. A number of them will be found in ‘‘ A Synoptic 
ChecJv-list and Hovst-list of the Ectoparasites found in South African 
Mammalia, Aves and lleptilia. Second Edition published in Ann. 
Pep. Dir. Vet. Serv. and Anim. Jndust., TJn. S. Air., 1932, XVTII, 
pp. 515-517. Only a list, of works referring to the transmission of 
diseases by spe(*ies of Argasidae will be found at the end of this 
paper. 

It is hardly necessary to emphasize the importance of ticks as it 
is well known that they play an imi>ortant role in the transmission of 
a number of diseases to man and domestic animals. Apart from this 
they also do a considerable amount of harm to animals when numerous 
by sucking blood and setting up irritation, which cause their hosts to 
lose their apj)etites and fall off in condition, and may even cause the 
death of their host without transmitting a disease. Theiler (1911) 
recorded a case in which a horse, badly infected with blue ticks 
{Boophilua decoloratus Ko(di) died from ac,ute anaemia as a result of 
the tick infestation. No less than 14 lb. of blue ticks were collected 
from this animal in three days, and this amount only represented 
abwt half the number of ticks which had gorged on this animal. 
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Fig. 1. Horse badly inieeted with Jiuophihis (l('iolor(itus (ICoeli). Engorged 
lemale ticks plainly visible. 

\ Photo T. Meyer. 

The spinose ear tick {Argas viegiuni l)ug*es), which was iiitro- 
cluceci into this country from Ainericui, has cdten been known to kill 
sheep, goats and calves hy the iriitation set up when feeding* in tJie 
earvS (it being usually only found in the ears of its host). 

The bites of some species of Hyalomma and Anihlyomma some- 
times cause sores which may lead to sloughing. 



Fig. 2. Neck of same horse. 


IPhoto T. Meyer. 
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As our knowledj?e concerning^ the hosts of various 8pe(^ies of ticks 
is by no means (complete, and as certain species may feed only on 
certain kinds of animals in their immature stages, and on other 
animals in their adult stages, it is important that we should be able 
to identify all the stages of a vSpe(‘ies of tick, especially as it is 
frequently inconvenient, if not impossible, to breed the larvae and 
nymphs collected from animals or birds shot in the veld to their 
adult stages. The only ti(*ks in which I have up to the present been 
unsuccessful in detecting specific chara<*ters have been the larvae of 
A mhlyotnma. 


EXTERNAL ANATOMY. 

The body is ii sally oval in shape and flattened dorso-ventrally 
in unfed specimens, becoming swollen after feeding, except in the 
males of Lrodidae. The rapifulv ni (rostrum or false head) is situated 
in front in the hrodulac and lies in a camenhstorne or hollow on the 
venter in the Aryasidac. It consists of the following parts: — 



Fig. 3. Argas savignyi And., venter of female. 


C. G. Walker del. 

The basi\s capituh which is the basal iKuiion articulated with the 
body. In the Ixodidae a dorsal ridye with backward projecting edge 
is often present. It may have i)ix)truding angles termed cornva. A 
ventral ndge may likewise be present, also a jjrotruding retrograde 
process at the lateral angles of the ventral ridge termed the auricula. 
The females of Ixodidae have a pair of depressions on the dorsum 
known as fforose areas ^ the space between them being called the 
interval. 

The hypostomey which arises from the basis capituli, projects 
forward in front and bears backward-projec*tiug teeth (except in the 
adults of A- rneynini), which are usually arranged in longitudinal 
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In a lunnber of species the scTitiun is of a innfonn colour, but many 
have well-marked colour desij^ns and spots on the scutum, when it is 
spoken of as ornate. Small circular (lppre>ssions, termed pnnrtations, 
are usually present on the surfat‘e. The aiitero-lateral anj^Ies of the 
scutum may be piolonged into well-marked shoulders, the scapulae, 
Extendiijf^ backwaids from the inner iin‘>les of the scapulae are the 
rcrrtcal jjrooves, and runnino* aloiio* the sides of the scutum are the 



Fig. 5. Rhi iJK (‘plidlus ((jtpvniticulat us Nea., dorMuu of female. 

C;. G. Walker del. 

lateral (/}a()res, which in the malt' may extend backwards and imdude 
one or more festoons. The itunale al.NO has nwrf/inal (jioores junning' 
along- the sides of th(‘ l.o(l\, these corresponding* to the lattual gj'ooves 
in (he male. J)epi essions, often ill-dehiUMl, known as tlie median and 
posfei o~latc/a] dept essions, fuirows or ptoores, ma> be ])resent 
towards (he ]Kisterior margins in the males and females ot certain 
st)ecies. Two small sjuds, lenned the foreae, may also often he seen 
near the middle ot the scutum in the males, and ])Os(erior to the 
scutum in the teinales. Vnifoi'in lectajigular areas, known c\s festoons, 
are tre([uently ])r('sent on the posterior maigiiis ot Ixodidae. They are 
visible both dorsally and ventrally, bul more distinct in unfed than 
gorged female'^. They sometimes have chitinous ])lates on their 
\entral siufaces. 

Fcn/c/ -Situated on the under surface of the body is the fjenifal 
orifice, termed the rulra in the female, which lie's in the median line 
behind the basis (‘aintuli. It will be seen lo he a tians\erse slit, and 
is wider in the females of Arg*asidae than in th(' males. Arising* in 
front of the -oiifice, which it coveis, is a ehitinous flap called the 
apron, Extending* from the sides of the genital orifice are two w^ell- 
marked g^Tooves, the (jeniial gtooees, which run backwards between 
^the (‘oxae and then laterally towards the postenoi* margin of the Imdy. 










(i. A. H. HEDFOIfcl). 


The fifiifs \{es in the median line posterior to the hind coxae, and 
behind this is a median longitudinal groove, the postanal groove. In 
the Kodidae there is usually an anal (groove present, which either 
curves round the anus in front or behind. In the males of Lvodes 
there are several flat chili nous plates present; these include one 
j^rcfjcn jtal , one median^ one anal^ two adanal and two cp'nuernl plates 
(see Fig. 4). The males of liln pirephahts^ Boophilas and TI yahnnma 
possess a pair of salient cliitinous structures, known as the adanal 
shields^ situated one on each side of the anus, and external to these 
a pair of acressory adanal shields are frequently present (see Fig. 7). 
In the Argasidae there is a well-developed f(dd, the sa pra‘ra,val fold, 
extending (m each side from the lateral margins of the (amerostome 
along the outer margins of the coxae, and on the inner margins of 
the coxae a ])air of ro,ral folds are frequently piesent. The (-ameiMv 
stome may ])r()je(‘t to] wards in front of the cai)itulum, forming a 
hood. 


Spiracles, — In the Ixodidae the s])irac‘les are situated ventro- 
laterally, one on each side behind coxae iv. Onlv in one species, 
namaqua, has it not been possible to demonstiate their presenc’.e. 
They are circ ular, oval or comma-shaped, and may have a marginal 
frame of cliitin, wliich is always iuc‘omplete ]>()stero-ventrally in the 
comma-shaped forms. Situated at or near the centre of eacdi spiracle 
is a round or elongate structure termed the tnacnia. The spiracles of 
/lacfifaphysalis ct nnaban na punclaia (^an. and Fan., have been 
studied by Nuttall, (\)oper and Itobinson {Barasit , , 1908, I, iv, pp. 
d4T-dol, pi. 22, 2d). In the Argasidae they are smaller and situated 
moie antei’ioily, usually between legs iii and iv. 


Eyes may be either absent oi* present. If piesent, there are two 
])airs in the Argasidae and one pair in the Ixodidae. In the former 
they are situated on the su])ra-c'oxal folds, the first pair in a line with 
c*oxae i and the se<-ond jiair between c-oxae iii and iv ; and in the latter 
they are situated on the lateral margins of the scutum. 

Ta'(js . — The legs are six-jointed, the first joint being the (;oxa, 
which is immovable, followed by the Irorhanic)., fenntr, tibia, 
protarsys and tarsus^ and in addition to these false articulations may 
l)e prcvsent. At the end of the tarsus there is a stalk to which are 
attaclied two well-developed elates. On the ventral surface of the 
claws there is a disc-like expansion, the? pul rill n nt, which is well- 
developed in the Ixodidae, but absent (»r rudimentary in thi^ 
Aigasidae. Situated on the dorsum of the first pair of tarsi is a sense 
oigan known as Haller" s organ ; it consists of several c-up-shajied pores 
c’ontaining sensory setae and dermal colls. It has been described by 
Nuttall, Cooper and llobinson {Parastt,, 1908, 1, iii, pp. 2d8-242, t.f. 
1, pi. 18). In the Argasidae the tarsi frec[uently have dorsal pro-- 
truherances, and in the Ixodidae they either taper or are humped, and 
are often armed with one or two rentral spars. 
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INTERNAL ANATOMY. 

The internal anatomy of Argas persicus (Oken) han been fully 
described by liobinson and Davidson (1913-14: Parasit., VI, i, 
pp. 20-48, t.f. 1-2, pL 1-6; ibul., VI, iii, pp. 217-256, t.f. 1-8, pi. 
14-17; ihi(L VI, iv, pp. 383-424, t.f. 1-8, pi. 25-28). Patton and 
Craf?^?, A Textbook of Medical Entomology, 1913, pp. 651-674, pi. 
83-86) have also described the internal anatomy of A. persicus and 
other species. 


CLASSIFICATION. 

Ticks belong to the order Acarina, which also includes the mites. 
They are usually much larger than mites, except their larvae, and 
can be distinguished from them by possessing the following com- 
bined characters: — 

(i) A pair of spiracles situated laterally, either behind the 
j)osterior pair of legs or between the third and fourih 
pairs. Only in one species, N utfaUiella namagna, has 
it not been possible to detect spiracles. 

(ii) The tracheae opening through a chitinoiis i)late. 

(iii) Having a movable false head, or ca])ituhun, of a special 

si ructure. 

(iv) The hypostome is large and provided with backward- 

projecting teeth. Only in the adults of A, raegnini is 
the hyjiostonie unarmed, and in the female of V. 
namaqua the teeth are very rudimentary. 

(v) Possessing a sense organ, known as Haller's organ, on 
tarsus i. 

The ticks are included in the Superfamily Ixodoidka, which is 
sub-divided into two families as follows: — 

Family Argasjoae. — Integument of body more or less leathery, with- 
out a hard shield (scutum). Sexual dimorx)hism slight, the males 
only being distinguishable from the females by ilie shape of the 
sexual oiiening. Head situated on the anteiior iiortion of the 
ventral surface, and not projecting beyond the anterior margin of 
the lK>dy, except in the larvae, and also sometimes in the nymphs 
of A, megnini. Eyes usually absent; when present, four in 
number and situated laterally on the sui^ra-coxal folds. Pulvillus 
absent or rudimentary. 

Family IxomoAE. — Scutum present on the dorsal surface of the body, 
forming a small round or oval plate behind the capitulum in the 
females, nymphs and larvae, and covering or practically cover- 
ing the entire upper surface in the males. Head situated on the 
anterior margin, and always plainly visible when viewed from 
above. J^yes absent or present; wdien present, two in number 
and situated on the lateral margin of the scutum. Pulvillus 
always present. 
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In addition to the above, there are other characters by which 
ihese two families can usually be distinguished, but they do not hold 
good for NvtfalUelln uaniaqna Bedford, which is included in the 
family Ixodidae. This specdes is particularly interesting as it 
appears t,o be the missing link in the elovutionary chain between the 
Argasidae and Ixodidae, and seems to indicate that the Ixodidae may 
have originated in Afiica. It resembles tlie Argasidae in juissessing 
a leathery iiitegiuuent, and has a staitum as in the Ixodidae, bnt 
instead of being highly cliitinous as in that family, it more (dosely 
resembles the rest of the integument of the body. The joints of the 
l>alpi are very flexible as in the Argasidae, not ridged as in the 
Ixodidae; the fonrth segment is terminal as in the Argasidae, whereas 
in the Ixodidae it is situated ventrally at the distal end of the third 
vsegment, and is reduced, forming a tactile papilla; the second seg- 
ment is grooved. TJie Argasidae possess ungrooved palpi, whereas 
in the Ixodidae the second and third segments are grooved on their 
inner margins, exce])t in the male of the exotic species, Jd'odes piftifs 
( l^ickard-Cambridge), which is parasitic upon birds. 

In the Ixodidae the s])iracles are generally large and situated 
well Ixdn’nd coxae iv, whereas in the Aigasidae they are small and 
situated more anteriorly. In naniaqua these organs could not be 
lo(*atod, allvough tliey should exist. A])art from external characters, 
the species of Argasidae also diifer from those of the Ixodidae in 
their hiology. 


THE LIFE CYCLES OF TICKS. 

All ticks are hlood-sucking parasites of mammals, birds, reptiles 
and anipliibia, bnt no species has been recorded from the last 
named hosts in Africa. Some species are only parasitic on hosts 
that are cdosely lelated to each other, whereas others are found on a 
mimbe?- of different hosts that are in no way related lo one another, 
^loreover, tfie immature stages of one or two species, such as /. rnhi- 
rundun and //. acqif ptunn ^ are larely, if ever, found on the same 
hosts as the adults- 

Augasidak. — The females feed several times, and after each meal 
crawl to some sheltered spot where they lay a small batcdi of 
eg'gs. The total number of eggs laid larely exceeds a thousand. 
The egg stage usually lasts about one to three weeks, and 
few days after hatc-hing tlie young larvae crawl about in searc-h of 
a host, excejit those of A. mnnhain and A, sarirjui/f, which are 
unable to feed, and on getting on to n suitable host immediately 
commence to suck blood. They remain feeding on their host for 
a few days, and then drop off and seek shelter, where they moult 
into nymphs a few clays later. Both the nymjdis and adults live 
inost of their time in shelteied plac'es and only seek a host at 
inteivals to feed, lliey invariably only feed at night, and are 
rapid feeders, taking from 30 minutes or less to an hour or two 
to feed. In A, perswvs and A. resperfilionis there are two 
nymphal stag’es, and in A, iitovhata and A, sariguip the male 
nymphs undergo 3 to 5 ecdyses and the female nymj)lis from 3 
or 4 to (i or T ecdyses before moulting into adults, l^airing^ takes 
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place off the host, either before or after feeding*. The life cycle 
of A. megnini is unique in that the adults do not feed; also, the 
larvae after feeding moult into nymphs on their hosts, and the 
nymphs remain attached to their hosts for one to twelve weeks 
or longer. 

IxoDiDAE. — The females remain on their hosts until they are fully 
gorged. They then drop off and hide in grass or under stones, 
and in a few days commence to lay eggs. Laying continues until 
the bodies of the females are flat and empty, then they die. 
The number of eggs laid by a single female varies according to 
the species, B, deroloratvs lays from 1,000 to 2,500; 72. appencH- 
culatvH from 3,000 to 5,700; //. aegyptiitm from 10,000 to 
15,500 and A, hehravmn nj) to 18,500. The egg stage lasts about 
3 to () weeks or longer, the period depending upon the species 
and climatic conditions. The larvae are ready to feed a few days 
after escaping from the eggs, and then crawl up the slems of 
grasses or other plants where th€\v frequently acc-uniulate in 
musses, and wait for a host to pass by. Should they be so unfor- 
tunate as to not meet with a host, which many, in fa(d the 
majority, that hatch in the course of a year undoubtedly do, they 
must, of <*ourse, eventually die of starvation. On the other hand, 
should a suitable host pass within iheir rea(*h they promptly 
cling to it by means of their legs, and having selected a suitable 
spot, insert their mouth-parts into the flesh and commence to 
feed. From now on various species differ in their habits, and 
may be classified into three groups as follows: — 

One-ftosl Tirls. — Ticks which moult from the larval stage into the 
nymphal stage, and from the nymphal stage into the adult stage 
on the same host. To this group belongs the species of Booph H vh 
and AfargaropnH tcinthr mi . 

T u'o-hoatt Tides', — The larvae of these ticks moult into nymphs on 
their hosts, but the nymphs drop off after feeding. After 
remaining on the ground for about three weeks they moult into 
adults, which crawl iij) vegetation and wait for another host. To 
this group belongs Bhipicephalu.s crerfsi and Hyalom }na 
aegypfium. The later is also sometimes a thiee-liost tick. 

Th ree-hosf Ticks, — The larvae of these ticks, having found a suitable 
hfist. and gorged, drop oft' and, after remaining on the ground for 
some time, moult into nymphs which, in turn, have to find 
another host. Having done so, they gorge and then drop oft', 
and, after a lai)se of time, moult into adults, which again have 
to seek another host. To this group belongs the majority of 
Tx<ididae. 

Adults belonging to all the above groups usually pair on their 
hosts, and the males remain on their hosts inindi longer than the 
females, and never, excejit in exceptional circumstames i)erhaps, 
drop oft' their host to find another one, or get on to another animat 
that may happen to come in contact with its host. The males of a few 
exotic species, chiefly I abodes, are known not to feed. These, after 
emerging from the nymphal stage, lie in wait for the females to 
drop oft' gorged from their host in its burrow or nest. It is possible 
that the males of the three following South African species do not 
feed : Lrodes daveyi Nutt., 7. nairohiensu Nutt., and 7. simplex Neu. 
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MODE OF FEEDING. 

The method of feeding? is similar in all ticks, A tick penetrates 
the tissue of its host hy means of its paired chelicerae, which can be 
moved backwards or forwards. Situated at the extremity of each cheli- 
cera is a di|?*it or cuttiiif? or«:an, which is provided with ba(*kward- 
projectino* teeth and can be moved laterally by means of two tendons. 
When a wound has been made the hypostoine is inserted into it. 
This is provided with backward-projecting teeth w-hich serve to 
aiK'hor the tick to its host. When the chelicerae and hyi>ostome have 
penetrated sufficiently and the digits have cut the smaller blood 
vessels, ihe tic*k proceeds to imbibe blood, this being sucked in by 
means of a pumping organ, the pharynx, which is situated in the 
capitulum. Entering the pharynx the blood passes through the 
oesophagus into the intestinal (*aeca, and then the tick proceeds to 
swell. Ai first the blood is imbibed slowly, the maximum increase in 
the engorgement of ti(*ks belonging to the Txodidae usually taking 
pla(‘e during the last twenty-four hours before they abandon their 
hosts. 

Whilst feeding, not only is saliva injected by the tick from its 
salivary glands into the wound, hut a considerable quantity of secre- 
tion may be expelled from large pores situated between the first and 
se(*oiid pairs of coxae. Both the secretions from the salivary and 
coxal glands have been shown by Nuttall to contain an anticofigulin, 
which obviously i)i events the blood from coagulating and promotes its 
flow. There is reason to sup})ose that the se(*re1ioTis may at times exert 
a toxic action. During feeding tic ks also frecjueiitly void excreta. 

Family ARGASIDAE Canestrini, 

This family has in the past (tomj)rised two genera, Avg(U^ and 
Ornifhodoros, the former only distinguishable from the latter in 
having the margin of the body differing in structure from the rest of 
the iiitegaimenl. Recently, in 1932, I sank Ornithodoros as a 
synonym of Argas, and jminted out that in 1908 Nuttall, Warburton, 
Cooper and Robinson stated that they were by no means sure that the 
family Arganidav contained more than one genus, Argas^ and that 
since then one or two species have been described which support their 
view. 1 also drew attention to the fact that in Onuihodovos the 
integument varies in different species, and in some, such as O, qyeren- 
gueyi, it more closely resembles the integument of certain species of 
Avgas fhan of other species of Orrrithodovos, such as inoxihata^ etc. 
My chief reason, however, for sinking Ornithodoros is because in 
O. megnini and several other species included in the genus Ornitho- 
doros, the whole of the iiifeguiiieiit differs from that of O, savignyi^ 
the type of genus, and if the whole of the integument is of no 
generic significance, then it is unreasonable to consider a portion of 
the integument (the margin) as being of generic importance, espe- 
cially as the differences in the latter are no greater than the differences 
in the former. Moreover, in O. rnegnini the integument of the 
nymph differs considerably from that of the adults. To place all the 
species in two genera is, therefore, as far as I can see, entirely out of 
"the question. Either the species must be included in a single genus, 
Avgas, or else several genera will have to he established. After going 
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carefully into the matter, and taking not only the external anatomy 
but also the biology of the ticks into consideration, I have come to the 
conclusion that the former procedure is the only reasonable one to 
adopt, at any rate at the present time. 

Genus Argas Latreille. 


Argas Latreille, 1796, Precis Caraet. Ins,^ p. 178. 

Curios Latreille, 1796, ihid., p. 177. 

Rhynchoprion Hermann, 1804, Mem. apterolog.^ XII, p. 69. 
Ornithodoros Koch, 1844, Arch. f. Naturg.^ X, i, p, 219. 

Ornithodorvs Karsch, 1878, Zeitschr. f. ges. Natvrwi.^s. (8) III, p. 
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Alectorohius Pocock, 1907, AlllntfP s Sysf. Med., V, ii, (2), p. 189. 
Otohius Banks, 1912, Proc. tint. ^oc. Wash. ^ XIV, p. 99. 

Argas Nutt., Warb., Cooper and ttobinson, 1908, Tichs: Mon Inod., 
i, p. 39. 

Ornithodoros Nutt., Warb., Cooper and Robinson, 1908, ibid., i, 
p. 39. 

Genotype: Argas refiexus (Fabricius). 

This genus is widely distributed and com^) rises about thirty-two 
species, of whi(*h ten have been recorded from South Africa. 

Key to the South African Adults and Nymphs. 

1. Integument not mammillated ; eyes absent ... 2 

Integument mammillated or granular, usually without discs; 

eyes present or absent ... 7 

2. Body of adults and 2nd stage nymph wider than long with 

anterior margin pointed; of 1st stage nymph ciieular 

A. respertilionis (Ltr.) p. 61 


Body of aduHs and nymphs oblong 

3. Integument of adults with numerous small pits, of nymph 

with numerous small spines in front and seiae behind; 
margins similar to rest of body ...A. megnini Duges, p. 77 
Integument without spines or small pits, but symmetrically 
arranged discs (largish depi^essioiis) present 

4. Anterior margin of body rounded 

Anterior margin of body sub-conical 

5. Margin of body formed of quadrangular plates 

A . persictis (Oken) p. 65 

Margin of body formed of a series of irregular wrinkles 

A. transgariepi nus White, \). 69 

6. Integument with numerous striae, the arrangement of the 

striae on the margins differing from those on the rest of 
the body ; venter and posterior margin of dorsum wrinkled ; 
a. few indistinct discs cm dorsum ... A. striatus Bedf., p. 70 
Integument finely wrinkled or corrugated, the margins being 
similar to the rest of the body; discs larger and more 
numerous A. perengveyi (Bedf. and Hewitt), p. 72 

7. Body broad and rounded in front; discs ab.sent 

Body narrower, sub-conical in front, discs present; eyes 

absent A. talaje capensis (Neu.), p. 74 

8. Body with hemispherical granulations(^) 

Body with flat contiguous granulations; eyes present. 

A. parimentasus (Neu.), p. 87 


3 


4 

5 

6 


8 


9 


0) In fully distended adults of A, mmihata the granulations may be flat. 
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9. Eyes ubseiit 1. 'tnovhafa (Murray), p. 81 

Eyes present ,4. jtarifjni/t Aud., p. 86 

Key 1o the South African Jjarrae. 

1. Larvae not known A, transgariepimis White. 

A. xtriafvs Bedf. 

Larvae known 2 

2. Larvae inactive. Body sub-circular, with 4 jiairs of setae on 

dorsum in front : capitulum ventral, hardly visible dorsally. 

A. mouhata Murray. 

A, savignyi Aud. 

? A, pari men toxvs (Neu.) 
Larvae active. Body rarely sub-<a‘rcular, with the setae on 
dorsum more numerous; capitulum, if ventral, plainly 


visible dorsally 8 

8. Setae on dorsum ot body present only on the mar^‘ins; hypo- 
stonie dentition 8/8 in front, 2/2 behind. 

A. rerspcH ilionis (Latr.) 

Setae on dorsum arrauf^’ed otherwise 4 


4. Dorsum of body with 10 setae on anterior half and 4 on 

posterior mar^j^in, ca])itulum terminal; palpi elongated wdth 
4th segment short; hypostome elongated, with dentition 

2/2 A, nicgnini Duges. 

Setae on dorsum of body more numerous 5 

5. Base of capitulum plainly visible dorsally*; hypostome denti- 

tion 2/2: palpi with 4th segment shoitC 

.4. pei’cngueyi ^^edf. and Hewutt). 
Base of capitulum hardly if at all visible dorsally; hypostome 
dentition otherwise 6 

6. Palpi and hypovstome very long, the dentition of the latter 5/5 

in front, then one row of 8/8 followed' by 2/2 behind; palpi 

with 4tli segment short A. talaje ra pen sis (Neu.). 

Palpi elongated with 4th segment long; hyi)ostome shorter, 
with dentition as in Eig. 15 A. persievx (Okeii.). 

A 

1. Argas vespertilionis (Iiatrt!ille). 

The Bat Tick 

Carios rexpertilioiiix Latr., 179(5, Pn'cis Camel. Jnn., p. 177. 

Aearu.s fixheri Kavijfnv, Dexe. de Amchitidex, pi. 9, 

f. (5 (1, 1', 2, 2'). 

Aearux [jiitixtreUae Aiidoiiin, 1827, Desc. de Vf'qypte, etc., ed. 2, 
XXIT, Z<K)1., p. 427. 

Cans eUiptiea Kolenuti, 1857, Die Paraxit der Chiroptera, p. 1(5. 
Can's longi mani Kolenuti, 1857, ibid., p. 1(5. 

Can’s dec'uxsafa Kolenuti, 1857, ibid., p. 16. 

Carix iuermix Kolenuti, 1857, ibid., p. 16. 

Argas pulchella (leorge, 1876, Jovrn. Qne.kett mirroc. Club, IV, 
p. 224. 

Argas vespertilionis (Latr.) Neumann, 1896, M^m. Soc. Zool. de 
France, IX, p. 20, f. 22-26. 
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Argas vespertilionis (Latr.) Nutt., Warb., Cooper and Bobinson, 
1908, Ticks : Mon, la*od,y i, p. 34, t.f. 48-57, pi, 1, f. 4, 5. 
Argas vespertilivnis (Latr.) Howard, 1908, Aytn. Tvl, Mus,, I, ii, 
p. 79, pi. 1, h-p : pi. 2, figs, p-w. 

Argas vcspertilionis (Latr.) Donitz, 1910, Die Zecken Sildafr.y p. 411. 
Argas vespertilioms (Latr.) Patton and Cragg, 1913, A Texth. of 
Med, Ent.y pp. 582, 584, pi. 74, f. 5, 

Argas vesj^e rt ilionis (Ltr.) Neumann, 1911, Das Tier retch : Ixod.y 
p. 120, f. 66. 

Argas vesperfilio7iis (Latr.) Bedford, 1932, Rep. Dir, Vet, Serv, and 
Aniin, Indust.y Un. S. Afr„ XVIII, p. 282. 

Adults (Figs. 8-9). — Body broader than long, pointed in front, 
measuring (excluding hoocU 6 8x7*2 mm. to 7*2 x 8*7 mm.; the 
males being about as lirge females. The dorsum is irregularly 

convex in the middle, anu Ihe lateral margin reflexed. Colour 
reddish-brown except on the margin which is yellowish-biowm. The 
hood projects forwards in front and is visible dorsal ly. 



Fig. 8. Arga^ vespertilionis (Latr.), dorsuxn of 9* 

[Fhoto T, Meyer. 

Integument with fine granulations and numerous small discs 
arranged more or less in lines extending from the lateral margins 
towards the centre. Venter: genital opening between coxae i; 
spirades small, situated laterally to coxae iv. A short distance 
behind the anus there is a pair of organs, each consisting of a narrow, 
deep, transverse cleft lying in a small area free from granulations; 
the area above the cleft is finely striate at right angles to the cleft, 
whilst that behind is finely punctate. Eyes absent. Camtulum lying 
in the hood ; the base is much longer than broad, and tne appendages 
are extremely small. Mypostoms narrow, indented at the apex 
with small marginal teeth. Palpi with the first segment much larger 
than the others, which are very small and narrow. Legs long and 
slender, yellow. 
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Fig. 9. Argas ves-pertilionts (Latr.), venter of 9* 

l^Photo T. Meyer. 

Nymphs 1(0- — There aie two nymphal sta{?es, the second 

stage (litferiii^* from the ndalts in having- either no sexual orifice or 
only a inidimentaiy orifice, anti the hypostome dentition^ is 2/2 with 
5 or () teeth per file. We have specimens measuring 5 x 5'() mm. and 
2-9 X 3* 1 mm. 

In the first nymphal stage the body is almost circular, being 
usually slightly longer than broad, measuring 2-4 x 2 '1 mm. The 
hood is absent but the hypostome and palpi are partly visiWe 
dorsally. Tntegumeiii finely ci eased in zig-zags and margin with 
irregular folds; both dorsally and ventrally ihere are numerous small 
depiessions. Organs posterior to the anus present as in the adults. 



Fig. 10. Argas vespertilionis (Latr.), venter of nymph (After Neumann). 
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Larva 11). — Body of partly and fully fed specimens short 

oval, 1*3 xl mm. to 2x10 mm. On the dorsum there are three 
pairs of setae on the anterior portion, twenty on the margin, and 
about ten radiating furrows on the posterior half ; between the intes- 
tinal caeca are radiating series of discs. Integument with fine trans- 
verse parallel striae, except anterior to the middle of the dorsum, 
where there is an oval plate. Capitulum almost entirely ’Irisible 
dorsally. Hyposfovie long, narrow and pointed; dentition 4/4 in 
front, 2/2 behind. Palpi slender, with segment 1 short, segments 2 
and 3 long, sub-equal, segment 4 short. J^egs pale and slender, sub- 
equal; tarsi with a distinct pulvillum. 




Fig. 11. Argas vespertilioivls (Latr.), engorged larva and hypostome. 
U, A. H. B. del. 


/fosfs and DiaivUmtion. — Recorded taken oft* various species of 
bats in South Africa, Egypt, Sudan (King), Tunis, England, France 
and India (Patton and Cragg). How^ard (1908) recorded it from 
Minioptevus natalensis arhreibe/si), Pretoria. Larvae have 

been taken off Eptesicus capensis at Onderstepoort and at Diiefontein, 
S. Rhodesia. It has occasionally been knowm to attacjk human beings 
living in Pretoria in houses freqxientod by bats, and a specimen has 
been received taken off a cat at Tryburg, C.P. A nymph was found 
on a sheep at Onderstepoort. It was kept in a shed w’hich was no 
doubt visited at night by bats. Latreille’^s typ6 was taken off Ves* 
pent go noefitla. 
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Life-cycle,— life history has been studied by Patton (Patton 
and Cra<?g, 1913). The eggs, which are laid in the resting places of 
bats, take from 10 to 12 days to hatch. The larvae remain attached 
to the wing of their host for 10 days and about 24 hours before leaving 
their host become flat. They moult into first stage nymphs about 
6 days after dropping off. The first nymphal stage lasts about 11 
days, the ticks taking about 25 minutes to gorge- The second 
iiyippbal stage lasts about 17 days, the ticks taking about 60 minutes 
to feed to repletion. The females can be fertilised immediately after 
the last ecdysis, and, if fed 22 days later, will commence laying eggs 
28 days after moulting. 

Transmitter of Disease . — In Tunis the tick has been demon- 
strated to transmit a spirillum. Treponema vespertilionis, to bats. 

2. Argas persicus (Oken). 

The Fowl Tick 

Rhynchoprion persicvm Oken, 1818, Isis, p. 1567, pi. 19, f. 1-4. 

Argas nuivrifianvs, (xiiei in-Meneville, 1829, Iconogr. du regne 
animal de G. Cuvier. Aracfi., })1. G, f. 3. 

Argas rninintvs C. L. Koch, 1844, Arch. f. Naturg., X, i, p. 219. 
Argas arnericanus Packard, 1872, U.S. Geolog. Sure, of the territory, 
etc., p. 740, f. 68. 

Argas sanchvzi A. Diigos, 1891, La Natural eza (2), 1, p. 20. 

Argas chinche Goudet, referred to by Neumann, 1901, p. 344, to 
A. miniatus. 

Argas radiatns, llailliet, 1893, Traite de zool. med., etc., agric., 
fasc. 1, p. 718. 

Argas miniatus firmatus Neumann, 1896, Mem. Soc. Zool. de France, 
IX, p. 12. 

Argas miniatus (Koch) vSahnon and Stiles, 1900, Ann. Rep. Bur, 
Anim. Indvsi. U.S. Dept. Agric., XVII, j). 402, t.f. 56-58, 
71-81, pi. 78; also Reprint, 1902. 

Argas persicus (Oken) Lounslniry, 1903, Agric. Journ., Capetown, 
XXITl, p. 261, 3 pis.; also Reprint. 

Argas persicus (Oken) Niili., VVarb., Cooper and Robins., 1908, 
Tides: Mon. J.rod., i. pp. 8, 81, t.f. 1-26, pi. 1, f. 3. 

Argas persicus (Oken) Howard, 1908, Ann. Tvl. Mus., I, ii, p. 76, 
pi. 1, figs, f-i, pi. 2. figs. c-n. 

Argas persicus (Oken) llonitz, 1910, Die Zccken Sudafr., p. 409. 
Argas persicus (Oken) Neumann, 1911, Das Tierveicli. Ixod., p. 121. 

Argas pej\ricus (Oken) Patton and Cragg, 1913, A Tc.rfhook of Med. 
Ent., pp. 581, 683, pi. 74, f. 1, 2; pi. 75, f. 1; pi. 83, f. 1-3; 
pi. 84, f. 3; pi. 86, f. 1-3, 5-6. 

Argas persicus (Oken) Robinson and Dividson, 1913-1914, Parasit., 
VI, i, pp. 20-48, t.f. 1-2, pi. 1-6; ihid., VI, iii, pp. 217-256, 
t.f. 1-8, pi. 14-17; ihid., VI, iv, pp. 383-424, t.f. 1-8, pi. 25-28. 

Argas persicus (Oken) Bedford, 1932, Rep. Dir. Vet. Serv. and 
Anim. Jndust., Tin. S. Afr., XVIII, p. 281, f. 6. 
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Adults (Figs. 12-14). — Females measure from 7x5 mm. to 
12-5 X 8*5 mm., and males from 4*26x2*5 to 8 x 5 mm. Body 
yellowish-brown to slate coloured ; oval in shape, being widest towards 
the posterior end. Integunnent with numerous oval or round discs, 
arranged more or less symmetrically. Venter : genital opening 
between coxae i and ii; spiracles small crescentic; eyes absent. 
Capituluvi with four long setae directed lorw’ards on the base, two 
post-hypostomal, one near the articulation of each palp. Palpi about 
twice a slong as the hypostome. Hypostome with several fine denticles 
on each side distally, followed by stout teeth 2/2, the teeth increasing 
to 3/3, 4/4, 5/5 basally, but decreasing in size. Legs sub-equal and 
similar, pale yellow. Coxa i separated from coxa ii in female; coxae 
ii, iii and iv contiguous. 



Fig. 12. Fig. la. 

Fig. 12. Arga$ persicus (Oken), dorsum of 9 • 


V. G. Walker del. 

Fig. 13. Argas persicus (Oken), venter of $ . 

C. G. Walker del. 

Xymphs. — There are two nymplial stages. The second-stage 
nymph only differs, from the adults in having no sexual orifice, and 
the discs are not quite as numerous. When full-fed it measures 5*5 
to 7 mm. The first-stage nymph differs from the second-stage nymph 
when fed in having slightly fewer discs, and in unfed specimens the 
discs are absent. 

Lauva (Fig. 15). — The unfed larva measures 0*67 x 0*65 mm. to 
0*73 X 0*71 mm. It is pale in colour, almost spherical in shape, with 
the capitulum inserted ventrally, but projecting well in front of the 
body. Integument finely striated, except in the middle of the dorsum 
where there is a semi-circular plate. Setae more numerous on the 
body than in other known larvae. Legs long, the tarsi with a 
distinct pulvillum. After feeding the,y become dark and visibly 
swollen. 
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Fig. 14. Argas persicus (Oken). 

C. G. Walker del. 

Anatomy. — Both the external and internal anatomy o£ A, 
persicus have been studied by Robinson, L. E., and Davidson, 
(1913, 1914), and also by Patton and Cragg (1913). 

Regeneration. — Regeneration in A, persicua has been studied 
by Ilindle and Curiliffe {Parasif,, 1914, VI, iv, pp. 353-371, t.f. 1-4) 
and Nuttall (Pamsit., 1920, XII, i, pp. 7-26, t.f. 1-4). 

Hosts. — It is mainly parasitic on fowls but also attacks ducks, 
geese, turkeys, pigeons, canaries and ostriches. Howard (1908) also 
recorded it from secretary bird (Sagittarius serpent arias) ^ and speci- 
mens have also been taken ofiP wild guinea-fowl (Nvmida papillosa 
transvaalemis) at Pienaars River, TVl. It has frequently been 
reported to attack man in Persia, but rarely does so in South Afri(‘a. 



Fig. 15. Argas persicus (Oken), unfed larva and hvpostome 
G. A. H. B. del. 
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Gbographical Distribution*— It is very common throughout 
South Africa, and is the most serious pest the poultry-keeper has to 
contend with. It has also been recorded from Southern Rhodesia, 
Mossambique, Belgian Congo, Egypt, Sudan, Algeria, Mauritius,, 
Russia, Turkestan, Persia (type locality), India, China, the southern 
part of North America, South America and Australia. 

Life Cycle. — The life cycle has been studied by Lounsbury 
(1903) in the Cape, Nuttall (1908) at Cambridge, and other workers- 

The eg<js are usually Jaid in batches of about 20 to 100 in the 
cracks and crevices of walls of fowl-houses, etc., or under the bark of 
trees. Puller (1896) and Blown (1902), however, have observed 
oviposition taking place occasionally on fowls in Australia. The eggs 
usually take about three weeks to hatch, the time varying according 
to the temperature. The larvae crawl about in search of a host as 
soon as their chitin has hardened, and on getting on to a suitable host, 
they immediately attach themselves to its skin and commence to suck 
blood, continuing to feed for 5 to 10 days, according to the tempera- 
ture. They then drop off and seek shelter, moulting into nymphs 
about 8 days later in summer. 

The nymphs and advlts, unlike the larvae, only feed on their 
hosts at intervals, hiding in the crevices of woodwork, etc., after 
feeding. They invariably suck blood at night, but have been known 
to feed during the day when protected from strong light. They are 
rapid feeders, usually only taking from 30 minutes or less to two 
hours to gorge themselves. The first nymphal stage lasts about two 
to three weeks, and then they moult into the second nymphal stage, 
and again, after about five weeks, into adults. The females feed more 
plentifully than the males; usually about once a month during the 
summer. About a week after each meal they lay a batch of eggs. 
Lounsbury found that the complete life-cycie from egg to egg stage 
occupied about ten months in the Cape. The larvae are only able to 
live for seven oi* eight weeks •^without food, but nymphs have been 
known to live for a year without having had a meal, and the adults 
for two to three years. 

The sensory perceptions of persicus have been studied by Hi n die 
and Merriman {Parasit,, 1913, Y, pp. 203-216, f. 1-2). 

Transmitters of Disease. — The fowl tick is the chief transmit- 
ting agent of the fowl spirochaete, Treponema anserinum Sakharoff 
(^T. gallinamm Marchoux and Salimbeni), which is usually fatal to 
birds, as was first demonstrated by Marchoux and Salimbeni in Brazil 
in 1903, It also produces fatal results in geese, ducks, guinea-fowls, 
turkeys, canaries, turtle-doves, and other birds. The disease usually 
breaks out four to five days after the ticks bite the birds. The ticks 
become infected by sucking the blood of infected birds, and when 
infection has taken place and the ticks remain at a favourable tem- 
perature (30-35^ C), the organisms multiply within the bodies of the 
ticks. Should, however, the ticks be kept at a low temperature (15 to 
18P C.) the organisms seem to^ disappear, but reappear when the ticks 
are again maintained at a suitable temperture. Once the ticks have 
become infected they are able, whenever the temperature is suitable, 
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to transmit the disease to healthy fowls for six mouths or even longer# 
The infection may pass thioiigh the egg to the next generation, and, 
as Hindle (1912) has demonstrated, this generation may, without re- 
infecition, hand it on to the next. 

Since coecoid bodies may be found within the lumen of the gut, 
sexual organs, malpighian tubes and in the excreta of infected 
ticks, but soon disapjiear from the salivary glands, it would appear 
that the disease is transmitted in the same way that T . duttoni is 
transmitted by A, monhata^ namely: In the act of feeding, the tick 
may void excrement and exiule a few drops of secretion from the 
coxal glands situated in the first intercoxal space, which dilutes the 
excrement and facilitates its getting into the wound caused by the 
mouth-parts of the tick. 

The disease is fairly common in the Union, and prevalent in 
Rhodesia. It also occurs in other parts of Africa, S.E. Europe, Asia, 
S. America and Australia. The fowl tick also does a considerable 
amount of liarjn to birds, es]>ecially when very numerous, by sucking 
blood and the irritating effects it produces, which result in lowering 
the vitality of infected birds. Birds kept in badly infected houses and 
runs cease to feed normally, rapidly fall off in condition, and may 
eventually die of anaemia and general debility. 

AeijypttaneUa pvllorvrn Carpano in Fowls. — Bedford and Coles 
(1933) demonstrated that A. persicns is a transmitting' agent of this 
disease. The disease was transmitted to nine healthy chickens by 
single adult ticks which had previously fed on infected birds. More- 
over, it was shown that the ticks retain their infection after feeding 
on healthy birds, as one adult tick transmitfed fhe disease to two 
healthy chickens. The shortest interval between feeding on an 
infected bird and healthy chicken was 20 days. The incubation 
period in chickens after an infected tick has bitten varies from 12 
to 15 days or more. 

The tick has also been reported to cause prolonged illness and 
even death to man in Persia. It frequently became so numerous in 
houses in that country as to necessifate the removal of entire villages 
to new sites. It has also been recorded from houses in Egypt. 

3. Argas transgariepinus White. 

Argas transgariepinus White, in Methuen, 1846, Life in South Afr., 
p. 318, pi. 2, f. 4. 

Argas iochi Neumann, 1901, Mem. Soc. zool. France, XIV, p. 264. 

Argas transgariepinus (White) Neumann, 1906, Arch, de Parasit,, 
X (2) ,p. 218. 

Argas transgariepinus (White) Nutt., Warb., Cooper and Robins., 
1908,*Tic/c5: Mon. J^od., i, p. 29, f. 36-37. 

Argas transgariepinus (White) Howard, 1908, Ann. Tvl. Mus., I, ii, 

p. 81. 

Argas transgariepinus (White) Bedford, 1932, Rep. Dir. Vet. Serv. 
andAnim. Ind^ist., (In. S. Afr., XVIII, p. 282. 
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Fig. 16. Fig. 17. 

Fig. 16. Argas transg curie pinus White, dorsum of 
Fig. 17. Argas transgariepinus White, venter of 9» 

(Drawn from type in British Museum.) 

A. J. £. Terzi del. 

Following description after Nuttall and Warbiirton; — 

Adpi^ts. (Figs. 16, 17). — Body short, oval and almost as broad 
in front as behind. Margin striate like that of re fleams, but relatively 
broad (3 mm.). Spiracles scarcely as long as the width of the anus. 
Sexual orifice of the male ver small, facing the posterior extremity 
of coxa i. Capitulum very small (0*8 mm.) and very posterior, far 
from coxae i, lying in a clearly marked camerostome. Hypostome 
narrow, palps short. Coxa i far from coxa ii, and the space between 
the cjoxae on the two sides very broad — equal to one-third the width 
of the venter. Tarsi i much humped distally, the protuberances on 
the other tarsi slight. Females measure from 8*5x6 mm. to 
10 X 7 mm. 

The types of A. transgariepinus — three females in the British 
Museum, differ from A. kochi, based on a single cf from Basutoland 
in the Paris Museum, in having the tarsal protuberance almost as 
well marked on tarsi ii, iii, and iv as on tarsi i. 

4. Argas striatus Bedford. 

Argas striatus Bedford, 1932, Rep, Dir. Vet. Serv. and Anim. 
Indust., Un. S. A/r., XVIII, p. 221, f. 1-2; ibid., p. 282. 

Female. — Body long and narrow, 6!x3*5 mm., the anterior 
margin tapering to a rounded point, the sides parallel, and the 
posterior mpgin rounded. Margin with a few short, pale setae, trans- 
versally striated and raised higher than the rest of the integument in 
unfed specimens; brown in colour and paler than the rest of the body 
which IS dark brown. Dorsum striated, the enclosed areas between 
the striae small and irregular in shape ; on the anterior and median 
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portions of the body they are flat and smooth, and behind raised, 
making the surface appear wrinkled; in the middle a semi-cir<iular 
row of four shallow discs and a median one beneath them; grooves 
present as shown in figure. Venter wrinkled, without discs; genital 
orifice situated between coxae i ; median post-anal groove long and 
very shallow ; a deep groove extends on each side from coxae iv almost 
to the posterior margin, the inner margin being raised higher than 
the rest of the integument. TJ y post o me with minute teeth anteriorly, 
followed by dentition 2/2. Jjcys yellowish; coxa i separated from 
coxa ii; coxae ii, iii and iv contiguous; tarsi without protuberances^ 



Pip;. ]8. Argas sinaius Jlt^dforii, doisum of 
C. G. Walker del. 

The description is based ui)()u three unfed females found in the 
uesi of a sociable weaver, F/ti/efairus socivs (Lath)., at Keiihardt,. 
C.P. They were sent by Dt: K. F. Lawrence. The holotype and one 
paratype in the South African Museum, (^apetowm, and the other 
paratype in the Ondersteixxnt collection. 

This species is apparently closely related to A, aequalis (Neu- 
mann), which was described from a single late-state nymph collected 
in Tanganyika Territory. The host is unknown. As Neumann did 
not figure the speciewS, and his description is somewhat short, it is 
difficult to compare it with the specimens described above, but in 
aequalis the integument is folded, wdth very fine granulations. 

As sociable weavers occujjy the same nests year after year it is 
possible that A. striatus may be a temporaiy feeder, remaining in the 
nests and hibernating during the periods the nests are not occupied 
by the birds. The South African cliff -swallow {Petrochelidon 
spilodera) is another bird which uses the same nest year after year, 
and A. perengueyi {'R^Aior A and Hewdtt), which is parasitic on this 
species, hibernates in the nest during the winter months. 
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d. Afgas psrsnglisyi (Berford and Hewitt). 

The Swallow Tick 

Ornithodorus perengueyi Bedf. and Hewitt, 1925, S. Afr, JouimaL 
Nat, Hist.y V, i, p. 259, pi. 19, f. 1-3. 

Argatf perengueyi (Bedf. and Hewitt) Bedford, 1932, Rep, Dir. Vet. 
Sew. and Aniin. Indusi.^ Tin. S. Afr., XVIII, p. 281. 



Fig. 19. Argos perengueyi (Bedford and Hewitt), dorsum of 9 . 

C. G. Walker del. 

Adults. (Figs. 19-21). — Body of female 41 fo 6*5 mm. long^ 
2*1) to 4 mm. broad; of male 3 5 to 4 5 mm. long, 21 to 3 mm. broad; 
conical anteriorly, rounded posteriorly with sides almost straight and 
parallel; brown or slate-cioloured, with pale yellowish lateral margins. 
Integwient very finely and closely wrinkled or corrugated. Dorsum 
with symmetrically arranged depressed areas and lateral grooves; 
sparsely clothed with minute pale setae. The lateral grooves are 
treq^uently more or less broken and discontinuous, and someiimes 
indistinct. Venter clothed with minute pale setae as on the dorsum, 
and with three depressions on each side of the median postanal 
grcK)ve; transverse pre-anal and post-anal grooves absent; supra-coxal 
folds well developed. Genital orifice situated between coxae i. 
Spiracles small, circular. Eyes absent. Capitulum lying in a deep 
camerostome ; base slightly broader than long, with a pair of long 
adinedian^ setae directed backwards. Hypostovw (fig. 21) with 
asymmetrically arranged teeth. Palpi broad, the second segment 
being the largest, the third shorter and broader than the fourth. Legs 
pale yellow ; coxae i larger than tlie others, separated from coxae ii ; 
coxae ii, iii, and iv contiguous; tarsi i with two protuberances; tarsi 
11 to IV with only one protuberance. 

72 



G. A. H. BKOFOKD. 



Fig. 20. 



Fig. 20. Argos perengueyi 
(Bedford and Hewitt), venter 
of 9. 

C. G. Walker del. 

Fig. 211. Argas perengiieyi 
(Bedford and Hewitt), left palpus 
and hypostome 

U. A. Ji. B. del. 



Fig. 22. Argas perengueyi (Bedforji and Hewitt), unfed larva and hypostome 
G. A. H. B. del. 
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Nymphs. — It is not known kow many nympkal stages there are. 
They resemble the adults except for the absence of the sexual orifice. 
Body from 3x2 mm. to 3-9 x 2*5 imn. 

Larva (Fig. 22). — The unfed larva measures 0 *64 x 0*54 mm. 
It is pale in colour, and has the c apitulum terminal. Body with 
numerous setae. Palpi of medium length, the second segment the 
largest, the fourth segment small. Hypostome of medium length ; 
dentition 2/2. Tarsi with a distinct pulvillum. 

Hosts and Distrtiuttion. — Described fiom adults and one 
nymph taken at.Nqamakw^e, C.P. They were collected by the llev. L. 
S. Byrde, who reported on them as infesting a native church. I have 
since taken adults and immature forms in the nests of Petrochelidort 
spilodera (South African cliff swallow) at Onderstepoort. The birds 
return to the same nesiiiig sites year after year, and the ticks may be 
found in the nests throughout the winter months. Specimens have 
also been fed on fowls. 

Trari^mitters of Disease . — Bedford and Coles (1933) failed to 
transmit Aegyptianella puUorvm Carpano to fowls by feeding two or 
three adults of A. perengueyi on healthy chickens after they had fed 
on infected birds. 

fi. Argas talaje oapensis (Neumann). 

“The Penguin Tick 

Ornithodoro.^ talaje var. capevsis Neumann, 1901, Mem. Soc. zool. 
France^ XIV, p. 258. 

Ornithodoros talaje var. capensis (Neu.) Nutt., Warb., Cooper and 
Robins., 1908, Ticks: Mon. i.eod. i, p. 61, t.f. 58, 89, pi. 3; 
f. 1-2. 

Ornithodoros talaje var. capefisis (Neu.) Howard, 1908, Ann. Tvl. 
Mus., I, ii, p. 88, pi. 1, figs, r, s; pi. 3, figs. a-e. 

Omithodoj^us talaje Donitz, Die Tjceken Sitdafr., 1910, p. 416, pi. 16 a, 
f. 6, T nec Guerin-Meneville, 1849. 

Argas talaje capensis (Neu.) Bedford, 1932, Rep. Dir. Vet. Serv. and 
Anim. Indust., Un. S. Afr., XVIII, p. 280. 

^ This variety closely resembles the type which occurs in native 
houses in Smith America. 
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Adults 24; 25 ). — Body of female 5 fo G mm, lon^, 3 to 

3-5 mm, broad; of male 3-5 to 5 mm. long, 2 to 3 mm. broad; conical 
anterioi'ly, rounded posteriorly with sides usually almost parallel; 
dirty yellow changing to yellowish or reddish-brown when gorged. 
Integument with numerous large, sub-equal mammillae, and a 
number of large discs on the dorsum. When unfed there is a lateral 
groove on each side on the inner margin of the dorsal surface, which 
is thick and raised, and other depressions are also present on the 
dorsum, but these disappear in replete sj^ecimens. Y enter \ genital 



Fig. 23. Argas talaje capcnsis (Neu.), unfed larva, hypostome and digit. 

G. A. H. B. del. 

opening opposite posterior margin of coxae i ; coxal folds well-deve- 
loped, extending between coxae i and ii ; pre-anal and post-anal 
grooves present, the latter witli transverse striae. Spiracles conical, 
situated on the dorsal surface of the supra-coxal folds. Eyes absent. 
Capitnliiw lying in a deep camerovstonie, with prominent lateral 
flexible flap-like borders which protect the capita lum ; base finely 
wrinkled transversely. Hypostome indented at apex, dentition 2/2, 
except at the tip where there are a number of small teeth. Palpi with 
segment i the longest, slightly longer ihan segment ii ; segment iii 
shorter than segment iv; numerous setae present on all segments. 
Legs pale brown, long and slender with numerous fine setae ; coxae 
contiguous de(u*easing in size from y)air i to iv, covered with small 
granulations; tarsi tapering without marked protuberances. 

Nymphs. — It is not known how many nymphal stages there are. 
They are yellowish-brown in colour and lesemble the adults except 
for the absence of the sexual orifice. Body ]-73xl*0 mm, to 
2*42x1*43 mm. 
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Fig. 24. Fig. 25. 

Fig. 24. Argos taZaje capensis (Neu.), darsum of 9. 
C. G. Walker del. 


Fig. 25. Argas iaZaje capensis (Neu.), venter of 9 . 
C. G. Walker del. 



Fig. 26. Argas talaje capensis (Neu.), dorsum of engorged larva 
O. G. Walker del. 
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Larva (Figs. 23, 26). — The unfed larva measures 0*47x0*38 
mm. It is pale in colour, and has the <tapitulum inserted ventrally, 
the base being hardly if at all visible from above. Body with 
numerous setae, resembling that of A. in shape; plate on 

dorsum absent. Palpi elongated, first segment long, only the apical 
portion is shown in the figuie; foiirlh segment short. IJypostome very 
long, dentition 5/5 in front, then one row of 3/3 followed by 2/2. 
Tarsi with a distinct pulvillum. 


Hosts and HistkibutioxN. — This species is common in the nests 
of the jackass penguin (Sphcniscus dctnersvs) on the islands off the 
westein coast of the Cape Province, and specimens have been taken 
in the nests of the same birds on St. Criox Island off Poit Elizabeth 
(coll. J. Hewitt). It readily attacks both man and fowls when oppor- 
tunities offer. Nuttall, Warburton, (looper and Robinson (1908) have 
recorded specimens collected by the Challenger Expedition in 1876 at 
St. PauPs Rocks from birds' nests. Neumann (1907) recorded 
specimens found on the gicnind at Cargados Carajos (Siren Island), 
and Howard (1908) states that it has been reported from Tristan de 
<hinha. 

Life-cycle. — The life-cycle is not known. 

7. Argas megnini Duges. 

The Spinose Ear Tick 

Avgas megmni Duges, 1883, NafMvaleza, V, p. 195. 

Argas airiericana Packard,” Townisend, 1893, Journ, New York 
Ent. Soc,, I, (2), p. 50. 

Rhynchoprium spDiosvin Marx, 1895, Proc. Ent, Soc, Wash,, June 
24, p. 199, pi. 2, f. 1, li. 

Ornithodoros megnini (Duges) Neumann, 1896, Mem, Soc, zool, 
France, IX (1), p. 42, f. 36a-b, 

Ornithodoros megnini (Duges) Salmon and Stiles, 1900, Ann, Rep, 
Bur, Anim, fndnst,, 11, S, Dept, Agric,, XVII, p. 408, t.f. 
94-108, pi. 79; also Reprint, 1902. 

Ornithodoros megmni (Duges) Nutt., Warb., Cooper and Robins., 
1908, Ticks: Mon, Iiwd,, i, pp. 71, 103, f. 102-112, 

Ornithodoros megnmi (Duges) Bedford, 1912, Reg), Dir, Vet, Res,, 
Un, S, Afr., II, p. 343, pi. 37. 

Ornithodoros megnini (Duges) Bedford, 192e5, Journ, Dept, Agric,, 
Tin, S. Afr,, X, pp. 147-153, f. 1-2, also Reprint No. 7, 1925. 

Argas megnini (Duges) Bedford, 1932, Rep, Dir, Vet, Serv, and 
Anim, Indust,, Un, S. Afr,, XVIII, p. 280. 
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Ahuuts. (Figs. 27, 28), — Females 6 to 10 mm. long, 3 to 6 mm. 
broad; males slightly smaller. Body brown to slate-coloured, 
yellowish between the post-anal grooves, fiddle-shaped, wider in front 
than behind, and constricted near legs iv. Integument very finely 
granulated with small circular shallow pits, a short, pale seta arising 
from each; symmetrical depressions on both dorsum and venter as 
shown in the figures ; between the post-anal grooves there are 
numerous short spines. Heticulate fossettes occupy the depressions, 
others scattered here and there. Spiracles circular. Eyes absent. 
Capitulum very small. Hypostome unarmed, broad at the base, 
rounded distally. Legs pale yellow. 



Fig. 27. . Fig. 2H. 

Fig, 27. Argas niegnini Duges, dorsum of V. 
C. G. Walker del. 


Fig. 28. Argas megnini Duges, venter of 9 . 

C. G. Walker del. 

Nymph (Fig, 29). — Mav be distinguished by the integument 
being beset wnth numerous backward-projecting spines in front and 
short setae behind ; pits absent ; spiracles situated on salient tubercles 
which project laterally between legs iii and iv. 

Body 3-9 mm. long, 2-6 mm. broad; pale when unengorged, red- 
dish when slightly gorged, turning to slate when partly, and 
yellowish-brown when fully gorged; lozenge-shaped, abruptly con- 
stricted at legs iv. Capitulum subterminal in unfed nymphs, but 
usually projecting well beyond margin of body in later stage nymphs. 
Hppostoine lanceolate, dentition 4/4, with 7 to 9 teeth per file. Legs 
slightly longer and stronger than in the adults. 
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Larva (ligs. 30, 31). — The unfed larva measures 0*53x0*48 
mm. It IS pale in colour, oval in shape with the capitulum terminal, 
ihe integument is finely striated except in the centre of the dorsum, 
vm the anterior half of the dorsum there are 10 setae, and four 
shorter ones on the posterior margin. On the venter there are four 
pairs oi setae between the legs and one pair behind the anus. Hypo- 
stome elongated, with dentition 2/2. When gorged the larva is 
inactive, this being the “ pupa-like stage It is usually pale in 
oolour, but may be reddivsh; oval in shaj^e, with ihe anterior margin 
l^gs are very small for the size of the tick, and are 
■dithcult to see without the aid of a lens. 




Fig. 29. Anjns rtvegnini Dugos, dorsum of partly foci nymph. 

*0. G. Walker del. 

Fig. 30. Argas megnnu Dugos, venter of gorged larva. 

G. A. H. B. del. 

Hosts. — The larvae and nymplis are usually only found in the 
ears of their hosts. Storey (1920), however, obvserved on one occasion 
two almost fully gorged nymphs attached to the bodies of sheep. 
They are chiefly parasitic on cattle, sheep and goats, but also attack 
man, horses, donkeys, mules, dogs, cats and ostriches. The adults are 
non-parasitic. 

Geog«arhical Histributton. — This is an American tick which 
has established itself throughout the arid districts of the (Jape 
Province and Orange Free State. It also occurs in parts of Natal, 
.and in the Transvaal as far north as the Pretoria Distri(*t. It appeal's 
to have been observed by Manley in the Cape Colony as far bi>f*k as 
1898, and was found by Theiler at Vryburg in 1912. 
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LiFE^CTCiiE, — The larvae on hatching crawl on to a host and 
attach themselves to the tender skin inside the ears, usually below the 
hair4ine, and sometimes as far as the eardrum. Here they usually 
engorge in from 5 to 10 days, when they become quiescent and are 
unable to move until they have cast their skins and become nymphs. 
The nyviphs^ in turn, also attach themselves to the skin lining of the 
ears. The length of time they remain feeding in the ears of their 
hosts varies considerably. The shortest period in which they can 
^rge appears to be about a week, but they have been observed at 
Onderstepoort to remain attached for three months, and according to 



Fig. 31. Argas megnini Duges, dorsum of nnfed larva and hypostmoe. 
a. A. H. B. del. 

American observers may remain in the ears for seven months. How- 
ever, Storey (1920), who made observations in the Aliwal North 
District, C.P., states that they generally leave heir hosts within 
ihirty-six days. When full grown the nymphs drop to the ground 
and crawl about in search of a sheltered where they can moult 
into adults and the females lay their eggs. The sites usually chosen 
by the ticks are the cracks and crevices in the walls of kraals and 
stables, usually close to the ground. As a rule, therefore, the ticks 
are only a serious pest on farms where animals are kraaled or stabled. 
Other sites selected by the ticks are cracks and crevices of posts, 
vertical rather than horizontal, and adults have also been found 
under the bark of trees at Onderstepoort. 
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Under favourable circumstances a female may live up to eleven 
months awaiting a male, and according to one American observer 
even as long as eighteen months. After mating has taken place, 
however, egg-laying commences in about a week and may continue 
steadily for as long as six months, the eggs being deposited at 
intervals in small batches. When egg-laying is completed the 
females die. The eggs hatch in twenty-two to fifty-six days. As a 
rule the larme do not survive longer than a month without food, but 
under exceptionally favourable circumstances they may be kept alive 
for four months. 

The adults are unable to penetrate the skin of animals owing to 
the fact that their mouth-parts are only partially developed. It is 
not necessary for them to nourish themselves since enough food is 
stored up in the nymphal stage to last tor adult life and egg-laying. 
They are, therefore, never found on animals. 

Tuansmittek. of DiseawSK. — This tick is not known to transmit 
disease, but the ticks do a considerable amount of harm to iheir hosts 
when numerous by puncturing the tender skin of the ears and sucking 
blood, at the same time injecting an irritating fluid. The wounds 
thus caused often ulcerate, and the constant irritation and possible 
toxic effe(*.ts of the ticks cause nervous and digestive disturbances, 
which result in lowering the vitality of the infested animals. The 
animals cease to feed normally and rai)idly fall off in condition. 
Calves, sheep, and goats not infrequently succumb if sufficiently 
badly infected. If is not uncommon to find the ear-canals completely 
filled with a mingled mass of ticks, particles of earw'ax, and other 
matter. 

Mrs. V., Mooi lliver, Natal, wuites: “ I have found three of the 
ticks in my ears. They caused intense earache, and general disturb- 
ances in the head and throat . . . the lining membrane of my ears 
seems to have been eaten away, causing suj)peration and blood. '^Fhey 
must have been present some time without my loalising that they 
were there and thinking that T had a severe attack of earache One 
sx)ecimen was sent which proved to be a jiartly engorged nymph. 

8. Argas moubata Murray. 

“ The Tampan Tick.’' 

Argas movhataj Murray, 1877, Econ, Ent,, Apt,, j). 182. 

Oniithodoros savigiiyi var, caecus Neumann, 1901, Mem, Sac, Zool. 
France, XIV, j). 250. 

Ornithodoros mouhata (Murray) Dduitz, 1906, Sifz,-Ber, Ges, naturf. 
Freunde, p. 144. 

Ornithodoros mouhata (Murray), Nutt., Warb., Cooper ami Robins., 
1908, Tichsi Mon, Ixod,, i, pp. 40, 90, f. 58, 00-80. 
Ornithodoros savignyi var. caecus (Ne^i.) Howard, 1908, A7m, Tvl, 
Mus,, I, ii, p. 80, pi. 1, figs, a-e; pL 8, figs. g-h. 

Ornifhodorus mouhata (Murray) Donitz, 1910, Die Zecken Sudafri,y 
p. 415. 

Ornithodoros mouhata (Murray) Neu., 1911, Das Tierreich^ Ixod,^ 

p. 123. 

Ornithodorus mouhata (Murray) Patton and Cragg, 1913, A Textbook 
of Med, Ent,, p. 588, pi. 74, f. 0. 

Argas mouhata (Murray) Bedford, 1932, Rep, Dir, Vet, Serv. and 
Anim, Indust,, Tin, S, Afr,, XVIIl, p. 280, 
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Abults, (Fig. 32). — Body oval, broadly rounded in front and 
behind and slightly constricted on a level with coxae iii and iv, 
usually measuring Irom 4x2*6 mm. to 12 x 10 mm., but we have one 

n ^ed female 15*5x12 mm. Colour usually brown with occasional 
ochreous patches, darker in gorged and preserved specimens. 
Integument mammillated, except along shallow grooves which dis- 
appear in gorged specimens, but remain recognisable by the absence 
of mammillae ; short, pale setae jjresent between the mammillae, more 
numerous in front. Venter wdth well-developed coxal folds and pre- 
anal groove, and thiee pairs of long furrows behind, also a short 
median depression. Spiracles crescentic, situated above the supra- 
coxal folds. Eyes absent. Capitulum free. Palpi with the first 
two segments equal in length, the third the shortest. Hypostome 
dentition 3/3 in front, the teeth smaller and more numerous pos- 
teriorly. Legs yellowish, well-developed, the fourth pair the longest. 
Coxae contiguous and diminiwshing from i to iv. Tarsi and protarsi 
humped. 



Fig. 32. Argas mouhata Murray, dorsum of 9 . 
a. Walker del. 

Nymphs. — The male nymphs undergo 3 1o 5 and the female 
nymphs 3 to 7 ecdyses before moulting into adults. They resemble 
the adults, except for the absence of the sexual orifice, and the 
hyi>osi^me dentition, the teeth increasing, as Cunliffe has shown, 
each time the tick undergoes ecdysis. The first stage nymph measures 
1*38x1.12 mm. when unfed, and from 1-5 x 1*2 mm. to 1*78x1*41 
mm. after feeding. Full grown nymphs may attain the size of small 
adults, 

Lakva. (Figs. 33, 34). — Body brown, sub-circular, measuring 
from 1 * 26 X 1 • 06 mm. to 1 * 34 x 1 * 13 mm. When developed the 
mammillae on the nymphal. integument can be plainly seen. Hypo- 
etome dentition 1/1 (two files). 
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Hosts. — It is chiefly parasitic on man, but also attacks domestic 
animals, rabbits, rats, mice and fowls. Adults and nymphs have also 
been taken off 44 tortoises {Testudo oculifera and 1\ veTreauti)^ 
Niekerk’s Hope, Kimberley, C.P. (coll. J. H. Power). 



Fig. 33. moubdfd Murray, dorsum of larva. 

G. A. H. B. riel. 

(teoghaphicae Distribution. — The ticks are mainly found in 
native huts and in sand in desert-like localities. In the Transvaal 
specimens have been found at Lydenlmrg* (Neumann), Acorn Hoek 
and Oiiderstepoort. In the Cape Pjovinc.e at Vryburg^ and other 
localities. It has also been re(*orded from Koffiefontein in the Orang'e 
Free State (Neumann), Natal (Howard), Bechuanaland, South-west 
Africa, Ang'ola, Norfhern and Southern Rhodesia, Belgian Cong:o, 
French Congo, Cameroons, Kenya Colony, Uganda, Nyasaland, 
Tang-anyika Territory, Zanzibar, Sudan (King), Abyssinia and 
Somaliland. 

Life-cycle. — The life-history has been studied by Dutton and 
Todd (1905), Rodhain (1919), Ciinliffe (1921) and Tobliiig (1924), and 
the process of copulation by Nuttall and Merriman (1911). The 
females lay their eggs in hatches of from 2cS or less to 340 after each 
feed, the greatest number being laid after the first and second meals, 
and the total number of eggs laid by a single female varies from about 
44 to 1,217. The egg stage lasts 8 to 25 days, and the larvae on 
hatching are unable to feed. It has frequently been stated that they 
remain within the egg-shell, and differ from those of A, savignyi in 
this respect. How’^ever,, both Jobling and myself have noticed that 
the larvae frequently free themselves from the egg-shell, and then 
become motionless and moult into nymphs 3 to 13 days later. After 
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laying a batch ot eggs, which takes on an average 7 days to accom- 
plish, the female usually remains on them a few days longer until 
many have developed into their larvae or nymphs, and Jobling has 
noted that from 5 to 10 of the latter may usually be seen clinging to 
the ventral surface of the female, and may be transported by their 
parent some distance. 

The male nymphs undergo cl to 5 (usually 3) and the female 
nymphs 3 1o 7 (usually 4) ecdyses before moulting into adults. Like 
the adults, they usually only attack their hosts at night and are ready 
to feed from 1 to 5 days after moulting, except the first stage nymphs, 
which require from 3 to 12 days. They feed but once between each 
ecdysis, taking from 13 to 87 minutes to gorge, those of the first stage 
and the stage preceding the adult usually taking the longest time U) 
feed. The time they take to moult between each stage depends upon 
the preceding meal and not upon the preceding ecdysis. The shortest 
period a nymphal stage may last varies from about 5 to 9 days at 
30® C. and from 9 to 13 days at 22® C.. 



Fig. 34. Argas mouhata Murray, venter of larva. 

O. A. H. B. del. 

The ratio of males to females is practically equal. Thus from 
one batch of 103 eggs, 72 males and 67 females were hatched (Job- 
ling). The males are capable of fertilising the females before feeding 
and a single male may fertilise ten females, three before and seven 
after feeding (Jobling). In the males the interval beween the last 
ecdysis and feeding is much longer than in the case of nymphs and 
females, the interval being from 1 to 5 days in the latter. The 
females can be fertilised immediately after tbe last ecdysis, also 
after they have laid several batches of eggs. Jobling also observed a 
female that was fertilised four or more times in succession. The 
females usually commence egg-laying about 8 days after feeding and 
fertilisation. They take from 21 to 92 minutes to feed. Cunliffe 
observed the minimum periods required for a tick to undergo meta- 
morphosis from egg to adult are as follows : — 

Moults 4 6 6 5 6 7 

At 22® C cT 64 87 104 $ 84 103 

At 30® C 36 46 67 45 55 72 
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LoNGEvrTY. — Cunliffe kept a female performing normal functions 
alive for 862 days. The following were the longest periods he kept 
unfed ticks alive without food : A female for 105 days, a male for 
244 days and a first stage nymph for 418 days. 


Transmitters of Disease. 

Relapsing Fever of Thopical Afhica. — Although Livingstone, 
in 1857, suggested that tam 2 >ans were responsible for the transmission 
of this disease in man, it was not until 1905 that Dutton and Todd 
in the Congo, and later Robert Koch, in Tanganyika Territojy, 
ex])eriinentally proved that A, viouhata transmitted Treponema 
duttoni (Novy and Knapp). The former authors not only found 
spirochaetes in the l)1ood of monkeys on which they had fed ticks 
collected from native huts, but also made the important discovery 
that the oftspriiig of infected ticks were capable of infecting animals 
on whicli they fed. Mollers (1907) has since shown that infected ticks 
do not lose the infection after feeding on six clean animals in succes- 
sion. Furthermore, that the infection may be carried thro\igh to the 
third generation, even though the parents of these ticks had never 
fed on an infected animal. 

Schuberg and Manteufel (1910) discovered that certain indivi- 
duals of A, inonhata may acquire an active immunity against infec- 
tion with T, dvttoid, and also T. revvrrentis, p-nd Hindle (1911a) 
found that about 30 per (‘ent. of A. tnouhata fiom Uganda were 
immune to infection with jT. duttoni, 

Leichman (1909, 1910) studied the life-cycle of T, dtiftoni in the 
tick, and brought forward considerable evidence to show tliat at 
ordinary temperatures the salivary glands of the tick are not infecited. 
This was confirmed by Tlindle (1911a), who found that when ticks are 
kept at about 21^ C. they harbour the parasites in the gut + contents, 
sexual organs, malpighian tubes and excrement, but not in the 
salivary glands and coxal fluid. When infected ticks were kept at a 
temperature of 35® C. for two or three days, the spirochaetes appeared 
in all the organs, and also in the coelomic fluid. The infection that 
may follow the bite of an infected tick would appear, therefore, to 
result from the entram^e -of the infective material, excreted by the 
tick whilst feeding, into the open wound caused by the tick’s mouth- 
parts. 

The incubation period in man after an infected tick has bitten is 
usually 5 to 11 days, but may last 19 days. 

The disease has been reported to oc(;ur along the east of Africa 
from Abyssinia in the north to Zululand in the south; also from 
Angola, Congo Free State and Northern Rhodesia. The relapsing 
fever reported from Zululand (Hindle, 1911b) is probably the same 
disease, espeidally as A, inouhata occurs in this country. 

Neumann (1909) demonstrated that T, duttoni could occasionally 
be transmitted from rat to rat by means of the rat louse, Polyplaa 
{^z^Haematopinus) spinulosa (Burm.). 
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Other Relapsing Fevers* — ^Manteufel (1909) showed that A. 
mouhata could transmit Treponema rectirrentis (Lebert), and 
Neumann (1909) transmitted J. recurrentiSy T. novyi (Schellack) and 
also T, duttoni by means of this tick. Brumpt (1908b), however, 
failed to transmit both the Algerian and American relapsing fevers 
with this species. 

Fowl Spirochaetosis. — Fulleborn and Mayer (1908) and 
Brumpt (1908b) demonstrated that A, moubata could transmit 
Tre'poneifna anserinurn Sakharoff ( = T. y allinarum Marchoux and 
Salimbeni) to fowls. 

Aegyptianella pullorum Carpano in Fowls. — Bedford and Coles 
(1933) failed to transmit the disease by feeding four adults of A, 
mouhata on healthy chickens after they had fed on infected birds, 
and likewise failed by feeding nymphs, whose mother had previously 
fed on an infected fowl, on a healthy chicken. 

Bipetalonema Perstans in Man. — Both Christy (1903) and 
Feldmann (1905) considered that A, moubafa is capable of transmit- 
ting Dipetalonema {^Filaria) perstans (Manson) to man and Well- 
man (1907) observed a certain degree of development of D, perstcms 
embryos in mouhata raised from the egg. It is not known, however, 
to occur in the Union. 

9. Argas savtgnyi Audouin. 

“ The Eyed Tampan Tick 

Argas savignyi Audouin, 1827, Des Egypte, ed. 2. XXII, p. 426, 
pi. 9, f. 5. 

Ornithodoros savignyi (Aud.) C, L. Koch, 1844, Arch. Naturg,, X, i, 
p. 219. 

?Ornithodoros 'morbillosus Gersiaecker, 1873, Dechen^s Reis, O.-Afr.. 
Ill, ii, p. 464. 

Arga^ scldnzii Berlese, 1889, Atti Soc, VenetodTreni., X, p. 289, 
pi. 7, f. 5, 6. 

Ornithodoros savignyi (Aud.), Nutt., Warb., Cooper and Robins., 
1908, Tichs: Mon. Ixod., i, p. 42, t.f. 58, 59-65, 70, 71 and 
pi. 2. 

Ornithodoros savignyi (Aud.) Howard, 1908, Ann. Tvl, Mus., I, ii, 
p. 83. 

Ornithodoros savignyi (Aud.) Neumann. 1911, Das Tierreich, Ixod., 
p. 123, f. 68, 69. 

Ornithodoros savignyi (Aud.) Patton and Cragg, 1913, A Texth. of 
Mod. Ent., p. 586, pi. 72, f. 4, 5; pi. 75, f. 2, 3; pi. 83, f. 4-5; 
pi. 85, f. 7, 9. 

Argas savignyi (Aud.) Bedford, 1932, Rep. Dir. Vet. Serv. and Anim. 
Indust., Un. S. Afr., XVIII, p. 282, f. 7. 

The adults (Fig. 3) and nymphs differ from those of A. mouhata 
in possessing eyes, there being one pair on each side on the supra- 
coxal folds. 

Hosts. — It is chiefly parasitic on man, and Lounsbury (1899) has 
recorded it from dog, horse, cattle, goat, pig and fowls, Patton and 
Cragg (1913) state that it feeds on camels, and is common along the 
camel caravan tracks in the Aden Hinterland. It also feeds on sheep 
(Howard, 1908) and rabbits. 
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GEOGKArHiC’AL. DISTRIBUTION. — This species is mainly toiuid in 
loose soil in the shade of trees and rocks in desert-like localities; 
probably also in native huts. It is widely distributed in Africa and 
also occurs in parts of Asia. Lounsbury has recorded it from the Cape 
Province, Bechuanaland, Transvaal, Ithodesia and Portuguese East 
Africa. Two adults were found by the Verney-Lang Expedition to 
the Kalahari on sandy ground at Dainara Pan, 1980. It has also 
been recorded from South-west Africa, Tanganyika Territory, Egypt 
(type locality), Sudan (King), Somaliland, Abyssinia, Jfubia, Aden, 
Arabia and India. 

Ljre-cy(xe. — The life histoiy , which is similar to that of A . 
mouhata, has been studied by Patton and Cragg (1913) and Cunliffe 
(1922). The females lay their eggs in batches of from 4 to 174 after 
each feed, and the total number of eggs laid by a single female varies 
fi*om 100 to 417. The egg-stage lasts 7 to 28 days at 30® C., and the 
larvae on hatching are unable to feed. They usually free themselves 
fiTim the egg-shell, but a small number may remain within the shells; 
they moult into nymphs after remaining motionless for 4 to 9 days. 
The male nymphs undergo 3 to* 5 (usually 4) and the female nymphs 
4 to 6 (nsually 5) ecdyses before moulting into adults. Like the 
adults they usually only attack their hosts at night, and, as a rule, 
they feed but once between each ecdysis, taking from 10 to 74 minutes 
to gorge. The time they take to moult between each stage depends, 
as in the case with A. nKnihata, upon the pieceding meal and not 
upon the preceding ecdysis. The shortest period a nymph stage may 
last varies from 8 to 15 days at e30® C. ((^^unlitfe). * A(‘cording to this 
observer the minimum periods required for a tick to undergo meta- 
morphosis from egg to adult fire as follws : — 

Moults 4 5 6 5 0 7 

At 30® C cf 60 73 89 9 73 88 103 

Longevity. — Cunliffe kept a female performing normal func- 
tions alive at 30® C. for 420 days, and three females under vsimilar 
conditions at 22® C, had an average life of 775 days. 

Transmitter of DkseAvSE. — Brumpt (1908h) proved by experi- 
ments on animals that this species can transmit a spirochaete derived 
from cases of human relapsing fever occurring in Abyssinia. 

10. Argas pavimentosus (Neumann). 

Ormthodoros paimnentosus Neumann, 1901, Soc. Zooh France, 

XIV, p. 257. 

Orniihodoros paviynentosvs (Neu.) Donitz, 1900, Sitz,^Ber, Ges. 
naiurf. Freunde, p, 145, f. 2, 3. 

OrnithodoroH pari men f onus (Neu.) Nutt., Warb., Cooper and llobins., 
1908. Ticks; Mon, Tirod., i. ]>. 02, f. 90-92. 

Ornithodoros savicfnyi var. pari nientosvs (Neu.) Howard, 1908, Ann, 
TvL Mus,, I, ii, p. 87, pi. 3, figs, f, b. 

OrnithodoruH pauimentosus (Neu.) Donitz, 1910, J)ie Zecken Sudafr,, 
p. 413, pi. 16a, f. 8, 9. 

Argas pavimentosns (Neu.) Bedford, 1932, Rep, Dir, Vet Serv, and 
Anirn. Indust,, Un, S, Afr,, XVIII, p. 281. 
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This species differs from 4. savignyi in having the body covered 
with contiguous flat granulations which are smaller on the depressed 
ureas^ and the protarsi and tarsi of legs i, ii and iii are much shorter 
with the dorsal protuberances arranged closer together. Coarse setae 
present on body, especially numerous anteriorly. 

Described by Neumann from a single female collected at 
Bethany, South-west Africa, and by Donitx from numerous speci- 
mens collected by Schultze, also in Namaqualand. Schultze reported 
that they were common in pla<ies where travellers rest, attacking men 
when they lie upon the ground. Howard records receixing numerous 
specimens from South-west Africa, and states that the life history of 
the tick resembles that of moubata ( --=^caecus) in the main. 


Family IXODIDAE. 
Key to the Genera, 


1. Integument of body leathery, having a definite pattern and 

resembling that of Argasidae; scutum resembling the rest 
of body-integument, especially parts thereof ; palx)i short, 
the joints flexible, the third and fourth cylindrical, the 
latter being terminal; eyes absent; anal groove curving in 

front of anus NvMallieJla Bedford, p. 95 

Integument of body without a definite pattern; scutum not 
resembling rest of body-integument; palpi long or short, 
joints not flexible, the fourth situated ventrally at the 
distal end of the third segment 

2. Anal grooves suriounding the anus in front or circular 

Anal grooves surrounding the anus behind (in Boophitus and 

Margaropus the anal groove is faint or obsolete) 


2 

3 

4 


3. Inornate, eyes and festoons absent; males with a pregenital, 
median, anal, two adanal and two epimeral plates on the 


venter Imodes Latr. 

IT 

4. Hypostome and palpi short 5 

Ilypostome and palpi long 10 


5. Eyes absent Haemaphy salts Koch. 

Eyes present 

6. Festoons present 

Festoons absent ^ 


6 

7 

9 


7. Males with coxae iv much larger than coxae i to iii, no plates 

or shields on ventral surface of male 8 

Males with cx)xae iv not larger than coxae i to iii, a pair of 
adanal shields and usually a pair of accessory adanal shields 
on ventral surface of male. Species usually inornate, basis 
capituli generally hexagonal dorsally. Rhipicephalus Koch. 

8. Species ornate, basis capituli rectangular dorsally. 

Dermacentor Koch. 

Species inornate, basis capituli hexagonal dorsally with pro- 
minent lateral angles. Coxae iv of male with two long 
sjdnes Rhipicentor Nutt, and Warb. 
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9. iDoraate; coxae i with a small spine. Male with median 
plate projecting backwards on eithei* side of the aims, and 
with a caudal protrusion when engorged. Fourth pair of 
legs of male dilated Mar gar opus Karsch. 

Inornate; coxae i bifid. Male with a pair of adanal and 
accessory shields, and a caudal protrusion. Fourth pair of 
legs normal Boophilus Curtis. 

10. Eyes present 11 

Eyes absent or rudimentary 12 

11. Festoons absent or present. Males with a jiair of adanal 

shields and two posterior abdominal protrusions, accessory 
adanal shields absent or present Ilyalouvnia Koc.h. 

Species usually ornate; feskxms present. Male without 
adanal shields, but small plaques may be present on the 
venter near the festcKms AinbJyovirna Koch. 

12. Species o<*(‘urring almost exclusively on Keptilia. 

Aponounna Keumann. 

As the larvae do not always exhibit generic characters, the 
following key will serve to deil'erentiate the known South African 
species : — 


Key to the known South African harvoe. 


1. Eyes absent 2 

EyewS present ’ 8 

2. Palpi long and slender 3 

Palpi short, salient laterally 6 

3. Scapulae not projecting forwards; anal groove, if present, 

surrounding the a fins in front 4 


Scapulae prominent, projecting forwards; anal groove con- 
touring the anus behind; coxae i-iii each with a well- 
developed spur Aponomnui ca'ornatvm Koch. 

4. Basis capituli with lateral margins sub-parallel. 

I.roilcs ,si)nplc,r Keu., f, 3G. 

Basis capituli with lateral margins otherwise 5 

5. Hypostoine with 10 outer teeth on each side, and 3 rows of 

3/3; palpi very long Iwodcs ugandanus Neu., f. 37. 

Hypostome w ith 8 outer teeth on each side, and 2 row.s of 3/3 ; 
palpi shorter J, codes pllosits Koch, f. 35. 

(). First joint of palpi with a retrograde process on venter, basis 
capituli without (*ornua; coxae unnrnied, rounded 
jiosteriorly Ilaernaphysalis leachii (Aud.) f. 38 

First point of i)alpi without a retrograde process; coxae ii-iii 
unarmed 7 

7. Basis (capituli without cornua ; coxa i with a pointed internal 
spur Haetnaphy salts parmata Neu. (f. 39). 

Basis ca})ituli wu’th cornua; coxa i witJi a slight blunt spur. 

TIaeiiiaphysalis hoodi Warb. and Nutt. (f. 41). 


8. Palpi and hypostome short 9 

Palpi long and slender; hypost^une long 16 
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9* Basis capituli pointed laterally; scapulae with, prominence 
on inner margin 

Basis capituli with lateral margins rounded 


10 

12 


10. Basis capituli with very acute lateral angles. 

Rhipicephalus siinus Koch (f. 44). 
Basis capituli with lateral angles less acute 11 

11. Scutum more than twdce as long as broad, with posterior 

margin only slightly convex. 

lilLipicephalus nanguineus (Latr.) (f. 46). 
Scutum less than twice as long as bioad, with posterior 
margin considerably more convex. 

Rhip'icephiilus append I cnlatiis Neu. (f. 43). 


12. Scutum almost as long as broad; scnpulae with prominence on 

inner margin Rhipicephahis evertsi Neu. (f. 42). 

Scutum considerably wider than long; scapulae without 
prominence on inner margin 13 


13. Palpi very broad; scutum almost twice as wide as long, with 
posterior margin semicircular. 

Margarojms irinthenii Karsch (f. 46). 
Palpi narrow’er, especially at apex; scutum longer in j^ropor- 
tion to width H 


14. Palpi shaped as in fig. 

Rh ipicentor nuttalli Oooper and Robins, (f. 40). 
Palpi shaped as in figs 15 


15. Posterior margin of s(uituin semi-circular. 

Roophilus mi era pi vs (Can.) f. 48). 
Posterior margin of scutum more sharply rounded. 

Boopliilus decoloratus (Koch) (f. 47). 

16. Scutum ()‘28x0*37 mm. with posterior margin rounded. 

Hyalomma aegyptiv ni inipressum Neu. (f. 49). 
Scutum wider, 0*26 x 0*46 mm., with posterior margin more 

pointed : Amblyomma hebraeurn ^oq\i (f. 50). 

Amblyoirima variegatuin (Pabr.). 
Amblyomma nuttalli Donitz. 
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G. 



Fig, 85. Ijrodes jnlosvs K<h‘.1i, dorsum of unfed larva and hypostome. 

A. H. B. del. 



Fig. 36. Ixodes simplex Neu., vapitulum and scutum of larva. 

G. A, H. B. del. 
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Fij?. 37. Fig. 38. 

Fig. 37. loi^udes ugarufanus Neu., dorsum of unfed larva and hypostome. 
G. A. H. B. del. 

Fig. 38. Haenuiphysalis leachii (Aud.), dorsum of unfed larva. 

G. A. H. B. del. 



Fig. 39. Haemaphy sails pcurrnata Neu., Larva. Scutum, capitulum in dorsal 
and ventral aspect, coxae and tarsus iii. (After Nuttall and Warburton.) 


Fig. 40. Rhipicenfor nuftalli Cooper and Robins, dorsum of unfed larva. 
G. A. H. B. del. 
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Fip?. 41. Fig. 42. 


Fig. 41. Haenuiph hondi Warb. and Nutt., larva, scutum, eapitulum in 
dorsal and ventral aspect, cjoxao and tarsus iii. (After Nuttal and Warburton.) 

Fig. 42. Hhipicephakis eveifsi Neu., dorsum of unfed larva. 

G. A. H. B. del. 



Fig. 43. Fig, 44. 


Fig. 43. jRhipicephalus append tculaius Neii., dorsum of unfed larva. 
G, A. H. B. del. 

Fig, 44. MkipicephaZus sitnus Koch, dorsum of unfed larva. 

G. A. H. B. del. 
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i/ -it 




G. A. H. B. del. 

Fig. 46. Margaropxos wiriithemi Karscli, dorsum of unfed larva. 
G. A. H. B. del. 



G. A. H. B. del. 


Fig. 48. Boophilus microplvrS (Can.), larva, scutum and hypostome. 
G. A. H. B. del. 
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Fij;. 49. Hifdlonimxt <fe{/i/j}fnim nit ftressuni Non., rlorsnm of nnfed larva. 
G. A. H. B, del. 

Fi^. 50. Amhlyom ni4f. In'hiaeum Koch, dorsum of unfed larva. 

G. A. H. B. del. 


GeiiiiK NuTTATXiEiXA Bedford. 

iS/uttnlltrlla Bedford, J^arasit,, XXITI, ii, p. 231. 

Female CuAUACTFAis.—Iitfcf/umerii of hody leathery, having' a 
definite pattern (s<m‘ figs. 02, 53) and resembling that of Argasidae, 
more especially certain At gas spp. Scutinii somewhat resembling the 
rest of ihe body-integument, especially parts thereof. Eyes absent. 
Caplfvluin situated on anterior margin; porose areas abvsent. Hypo- 
stome very short. Chclirerae present. Palpi short, the joints very 
flexible; basal segment very small, the second much the largest and 
grooved on inner surface; the third and fourth cylindrical, the latter 
terminal. Anal groove curving in front of anus. Genital and dorsal 
grooves absent. Festoons absent. Legs with most of the joints 
incised apically on the ventral side; coxae i and ii situated close 
together; coxae ii, iii and iv widely separated; tarsi without spurs. 
Haller’s organ present on tarsus i. 

This genus contains a single species, Nvttalliella namaqua 
Bedford. 

Nuttailiella namaque Bedford. 

Nuttalliella namaqua Bedford, 1931, Parasite ^ XXIII, ii, p. 231. 
text fig. 1, pi. 10, f. 1, 2. 
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Enookged Female (Fi^s. 51-63) (f. 60). — Body slate-cjoloured, 
slightly wider behind than hi front, 4x3-5 mni., integument pitted 
(fig. 51), the pits being very shallow and more or less equi- 
distant apart. CapiUdum (fig 51 A.B.) orange-coloured with base 
very short dorsally, elongated ventrally (0*42 x 0-27 mm.), having the 
lateral margins parallel, the anterior margin straight and the pos- 
terior margin slightly convex. Hypostome with one or two very 
rixdinieutary teeth, ^cutum* (fig. 514) considerably wider than long 
(0*57 X 1-07 mm.), with two large very deep depressions behind, one 



Fig. 51 . Nuttalliella namaqua Bedford. A. Capitulum and coxae i in ventral 
aspect. B. Cailitulum in dorsal aspect. C. Scutum. D. First leg, 
ventral aspect. E. First leg, lateral aspect. F. Coxae ii-iv, drawn sepa- 
rately. G. Anus with crescentic pre-anal groove. 

G. A. H. B. del. 

on each side on tlie posterior margin, and two smaller ones on the 
anterior margin; these depressions are dark and closely resemble the 
rest of the integument of the body, so much so that it is difficult to 
see the dividing line between them; the rest of the scutum is pale in 
colour and honeycombed with deep irregular pits. It is situated well 
forward on the anterior margin, lies almost at right angles to the 
capitulum, and can, therefore, hardly be seen when the tick is- viewed 
from above. In an unengorged specimen it probably lies in the 
same or almost the same plane as the capitulum. Legs orange- 
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Fig. 52. Nuttalltella luirnaqua Bedfoid, dorsum of eugorgod female. 
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coloured, pale at the apices of the joints, except coxae ii-iv, which are 
dark basafly and pale apically ; coxa i with a large spur on its outer 
margin; coxa ii with a small spur on its anterior iiiargin; coxae iii 
and iv unarmed, the remainder of the joints of legs ii to iv very 
similar to those of the forelegs, which are shown in figs. 51, D and E. 
Genital opening situated between coxae ii. Anus clothed with 
numerous minute setae, and situated a short -distance in front of the 
posterior margin. Anal groove (fig. 5l Cl) rudimentary, pre-anal, 
and does not continue backwards towards the posterior margin. 

The type is deposited in the South African Museum, Capetown. 
This species was described from an engorged female collected under 
a stone at Kamieskroon, Little Namaqualand, by Dr. 11. F. Lawrence 
in Octobei', 1930. Dr. Law^rencie informs me that rock-rabbits were 
probably the commonest animals about the hill where he found it, but 
the host of Ihe tick may be a bird. 
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iNTltODCCTION. 

In a paper recently read before a ineetino- of Durban Members of 
the Royal Society of Trojiical Medicine and ITyg^ieiie by 
Mr. A. Davidson, it was stated that the tsetse fly, (r. j)allidipesy can 
live on the latex of plants. This worker siiecially mentions 
Eu phorhia tiracalli and Sarco.<temnvs vuninalc as bein^ two of the 
latex liearin^ ])lants iijion which the fly feeds. He declares that it 
will take u]) sufficient nutritive fluid therefrom to sup])ort life and 
even to i'e])roduce. 

Xo exjierimental jiroof is ^iven, thou^j*h it ap])ears that this 
worker attempts to correlate the fla^^ellate infection found in the 
latex of Eujihorbia siiecies and other latex bearin^j* plants described 
by Lafont in 1909), with the trypanosome infection normally found 
in Glossinae, and their vertebrate hosts, the wild animals. 

The jiresent iiivevsti Ration was condiuted at the Na^ana Research 
Station in Zululand. 

G . pall id f pcs was the insect material emjdoyed. The latex was 
derived from the jdants E, tu acalU and Sarrosfcmn as riminalcy the 
species referred to by Mr. Davidson. Flagellate infection was found 
in E. firacalli but none in S, nininalc. These two sjiecies occur in 
abundance throu«hout the haliitat of G. pallidipes in Zululand. 
During* the experiments the tsetses were <»iven eveiy ojiportunity 
under both normal and artificial conditions to in^^’est latex from both 
of these jdants. It will be shown that the insects do not in nature 
attemjt to feed u])on this substance, and thcn^efore any theory in 
re^^arci to the tryjianosome infection of tsetses bein^* derived from 
jdant flagellates is entirely without foundation. 

Eakly Invkstk^^ations. 

The history of Glossinology is jiresented in an instructive manner 
by Hegh (I9Jf()). Entcjmologists were at first content to describe the 
few tsetses brought home by travellers. Wiedman (1830) established 
his genus Glossina without comment. Robineau-Desvoidy boldly 
added to his description of G. palpalis the remark that “ the 
proboscis was innocuious ” by which he i)erhax)s meant that the fly 
did not suck blood. 


101 



VEGETABLE DIET THEOHY OF “ G. PADLIDITES 

Macqiiart embroidered this opiiuon. “It is probable ke 
says, that this fly does not live on animal blood like stable flies, 
but on the nectar of flowers. The two setae contained in the 
proboscis, and forming a sucking* apjiaratus are so fine that one can 
hardly conceive how they might be able to i)ierce the skin; the 
weakness of this organ seems to be further shown by the mod if cation 
of the i>alpi, which are lengthened and hollowed out into a sheath 
for the proboscis/’ Indeed, the ])robos(‘.is of the tsetse fly does seem 
eminently adapted to the sucking of nectar, yet none of the si)ecies 
have been seen visiting flowers. The males of the Tabanidae 
naturally suck the nectar from flowers, and the females of mosquitoes 
will suck both blood and nectar so that by analogy it is perhajis 
not difficult to imagine that some of the Grlossina species might 
likewise visit flowers. 

David Livingstone (1857) focussed the attention of the 
vscientific. wwld u])on the ravages of the tsetse, and since that time 
entomologists, veterinarians, medical men, proiozoologists, botanists 
and many others, even colonial politicians have studied the 
behaviour of this insect. 

Ecologtcae Factors. 

Doubtless every s|)ecies of GloJtstna is assocJated with a particular 
type of country on account of the fly’s special requirements in 
regard to floral (ionditions, shade, etc., either as an adult or as a 
pu])a. 

The species 6r, pallia] i pcs with w^hicdi we now’ deal belongs to 
that group of tsetse which can live through prolonged dry seasons 
without ai)parent suffering, and in consequence is found in regions 
clothed w’ith one of the many tyjies of oj>en vegetation included 
under the general term “ Savannah 

Ecological conditions alone, however, are inadequate to acjcount 
for the local abundance or scarc-ity of tsetses. Their feeding habits 
are of more importance, and because they thrive best and most 
numerously w’here animal hosts are most abundant, there ap])ears 
to be a very close association between the tsetses and the wild 
animals. There can be no doubt that the insects are strictly 
haematophagous. 

The Tsetses Kkaction to Visual Impressions. 

In Nature, Ulossinae w^hile beset wdth many hazards and 
contingencies manage to thrive, notwithstanding the apparent 
handicap of extremely slow reproduc*,tion. An observer cannot help 
being impressed by the apparently unobtrusive, yet deliberafe 
manner in which a tsetse w’hen attacking, darts tow^ards a victim, 
and it has been established beyond doubt that the fly hunts by 
sight, rea(iting in a peculiar manner to visual impressions. 

The most convincing evidence of this is sui)plied by the operations 
carried out by Harris and his staff at the Nagana Research Station 
where millions of tsetse (G. pailidiqfes) have been destroyed by the 
Harris ” fly trap. This trap is a visual impression one, and has 
no olfactory stimulus as bait. The flies are attracted to it by its 
conspicuousness and its resemblance to the bulk of an animal, and, 
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darting towards tlie object they dive into the shadow of the ventral 
surface. They are then attracted to the light shewing through the 
opening in the platform on which the (^age rests; making their way 
through this into the cage above, and are caught. 

Digestive Anatomy of itie Fj,t. 

There are many features in the external and internal anatomy 
of the tsetse which show a high degree of sj)ecializaiion. The mouth 
parts and the digestive tract offer, ])erhaps the most striking 
peculiarities, and are of im])ortance in connection with the role of 
the flies as vectoi’vS of the disease. 

(^7) In the proboscis the mandibles and maxillae, found in some 
s])ecies of haemato])hagous dijdera, are absent. The labrum and 
labium in apposition form together a needle-like tube eindosing the 
long slender hypopharynx. The saliva from the salivary glands 
]»as8es into the wound when the inoboscis punctures the skin of the 
vertebrate, and j)revent.s coagulation of the blood. 

Ai rest, the ])roboscis is carried horissontally between the ])ali>i 
which ensheathe it. When the insect is about to feed the proboscis 
is lowered vertically, the ])al])i retaining the horizontal position. The 
skin is pierced by the rapid movement of the labella situated at the 
tip of the labium, and the ])roboHcis is thrust into the w^ound as far 
as its bulbous base will j)ermit. When a suitable. well of blood has 
been found, the proboscis is ])artially withdrawn, and the blood may 
be seen passing up the tube, the fly be(*oming engorged in a few 
seconds. 

(h) The digCvstive tract and the com])licated process of digestion 
have recently been studied in great detail by AVigglesworth (1930). 

Mr. Davidson ])asses over this creditable w^ork with the following 
remarks: “ Some observers go so far as to assert that the digestive 
organs of tset^se are only caj>able of dealing wdth blood; but this is 
a rash statement, sin(*e a gut that can digest blood would almost 
certainly be able to digest any fluid which (*ontaius suitable proteins, 
such as milk and the latex of ]ilants 

Mr. Davidson gives no points of similarity between milk and 
the latex of jdants, and the reader is left to surmise that the 
substances are similar. Whereas milk is essentially a blood product 
of mammals, latex is a storage jnoduct of the green cells of plants. 

W’^igglesworth discusses the ])hysiology of digestion in the cock- 
roach, and shows that the jnoperties of the digestive enzymes are 
similar to those of vertebrates. (h)m])aring the digestive system of 
the tsetse fly ((iHossina) with that of the blue-bottle (Oalliphora), he 
states that the adaptation to a diet of blood in the former is the 
loss of enzymes acting upon carbohydrates, w^hile he notes a great 
increase in the activity of the proteolytic enzymes and the acquisition 
of factors affecting blood coagulation. 

WiggleswTirth also suggests that the so-called ‘‘ symbionts ” 
found in the mid gut might be contributing some accessory food 
factor which is lacking in the sterile diet of their host, 
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In this (connection it may be mentioned that if the region of the 
gut in which these symbionts occur is cut the symbionts float out, 
and, to an inexperienced worker they may readily appear similar 
to starch grains seen in the latex of euphorbias, Mr. Davidson has 
referred freely to starch grains in the gut of tsetses. 

Temperatuhe in Beoard to Feeding. 

Harris (1930) has showTi that the tsetse G, pollidtpes is highly 
sensitive to warmth, and responds to this stimulus by probing even 
when the warmth is in the form of hot air. He has pointed out that 
those flies, whicch on alighting do not explore a cool object, whether 
(hat object resembles a quadruped or not, ajipear to be those which 
because not acutely hungry require some aiccessory stimulus such as 
warmth to cause them to probe. Flies which immediately probe 
appear to be those in which hunger has reached an acute stage. 

From these facts it would seem that there should be some 
contrast in teiniierature between an object and the surrounding media 
to induce most flies to probe. 

The follow’ing temjieratures of objects represent the averages 
of five readings taken over half an hour. The temperature of the 
air and that of the surface mentioned w^ere read at the same time. 

Temperature of air 24*5° C. Temperature of bark of Euphorbia. ... 25*5® C. 

Temperature of air 26-6° C. Temperature of green Asclepiad 24-5® C. 

Temperature of air 25*6® C. Temperature of man’s arm 34*9° C. 

Temperature of air 29*2® C. Temperature of donkey’s skin 34*8® O. 

The Table show’^s that the temperature of the surface of trees 
may be lower or slightly higher than that of the Rurrounding 
atmosphere. On the other hand the temperature of the surface of a 
mammal is generally much higher than that of the sxirrounding 
atmosphere. 

For this reason in the following experiments, w^hen attempting 
to induce flies to feed on lat«x bearing ])lanis, it was found necessary 
to warm their naturally c^ooi surfaces in order to induce the tsetse 
to probe gainst them. 


Latex in Nature. 

Latex oc^curs in certain plants of the families Euphorhi(wcaey 
Anclepiadaceae ancl others. It is a milky fluid, a storage jiroduct of 
the green ciells and is contained in lactiferous tubes running 
longitudinally in the xylem. When the stem of a latex bearing 
plant is pxiiictured the latex exudes. The only manner in which the 
tsetse cDuld feed upon the latex therefore, is by puncturing a 
containing vessel with its proboscis. 

Under the microscope, dumb-bell shajied starch grains are seen 
in plenty in the latex of euphorbias, but similar starch grains have 
not been found in the asclepiad. 

Any fly which ingested latex should upon dissection and 
examination reveal either traces of latex, or the peculiar shaped 
starch grains, in the gut. 
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Ma7.kiuai. and Method. 

The tsetses for the experiments were captured flies taken from 
the Harris ’’ traps oj)erating in the XTmfolozi game reserve. 

Groups of ten flies each were })la(‘e(l in glass battery jars covered 
with mosquito netting. All flievS were given a preliminary feed of 
blood from a donkey to ensure that none wwe hungjy and that all 
might start the ex])eriments on a common hunger basis. 

Subsequently each group of flies w^as given the opportunity to 
feed daily on the res])ective foods, blood or latex, while some w^ere 
starved to act as a (ontrol. 

In that the flies used in the exj>erijnent? were captured flies, 
no detinite age could be assigned 1o them, though none w^ere young. 

When giving the flies the o])portunity to feed on the latex 
bearing ])lants, twigs w’ere ]>lacerl side by side and clanquMi at the 
ends to jirevent movement, ainl to form a mat ])resejding a more or 
less even surface. The juat was jdated over a basin of warm water 
(d7^ (\ to 40^ (\) and left for a few' minutes in order to w'arni the 
twigs to give inducement for the flies to ]n*obe. Both plants, 
S, ritnuiaJc and E, tirvcalh w^ere employed. 

The jar <*(mtaining the flies was tlien inverted on the mat so 
that the mos(]nit() net (*ovenng the jar came into contact with it. 
By this juethod it was j)()ssilde tor the proboscides of the flies to 
leacdi the twigs without difli(‘ult> . Similarly when feeding the flies 
on the donkey, the jar* was inverted on (he sliavtm skin of the 
animal. 

When the flies died they were dissectetl, and the gut (‘onteuts 
s]»ecially examined for* tra(*es of latex. The surface of the jrlarits 
wuis also examined for* signs of exudation. 

The ex|)eriments w^eie twice repeated, and the results are givcur 
in the following Tables. 


Fjjes Fed on Bjood oe Donkey. 


Table I shows that of the ten flies in the jar eight lived fifteen 
days and two fourteen days. Their deaths were due to a succession 
of iinuvsiially hot days w'heii the highest temjrei-ature recorded was 
105^ F., and the relative hnmidity dro])pe(l to 15 [rer cent. Seven 
of them deposited larvae of w-hich six successfully emerged. 

The experiment was rejreated, the results being given in 
Table II. It is here seen that four flievS died after seventeen and 
eighteen days, one after forty-two and another after forty-three days. 
The four remaining flies lived fifty-seven days, wdren the exireriment 
w^as stopped. Eleven larvae were deirosited, and there was one 
abortion. Flies emerged from all the puparia. 
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TABLE I. 


Flieg Given Opportvnity to Feed on Donkey. 


Date. 

No. 

of 

Flies. 

Died. 

Days 

Lived. 

Larvae Deposited. 

Emerged. 

1/10/32 

10 





— 

— 

— 

— 

1, 6/10/32 

12/11/32, 9 

— 

— 

— 

. — 

L 8/10/32 

16/11/32, 9 

— 

— 

— 

— 

2. 9/10/32 

10, 18/11/32, 9, c? 

— 

— 

— 

— 

2. 11/10/32 

18, 21/11/32, 9, ^ 

14/10/32 

10 

— 

— 

L 15/10/32 

— 

15/10/32 

8 

29 

14 

— 

— 

16/10/32 


3^, 59 

15 




TABLE II. 

Flies Given Opportnnity to Feed, on Donkey. 


Date. 

No. 

of 

Flies. 

Died 

Days 

Lived. 

Larvae Depo.yited. 

Emerged. 

21/10/32 

10 

I 

i 



— 

— 

— 

— 

1. 25/10/32 

27/11/32, 9 

— 

— 

— 

— 

1, 26/10/32 

1 1/12/32, cJ 

— 

— 

— 

— 

1, 27/10/32 

1/12/32, cJ 

— 

— 

— 

— 

1, 1/11/32 

3/12/32, 9 

— 

— 

— 

— 

1, 2/11/32 

7/12/32, ^ 

6/11/32 1 

10 

— i 

— 

1, 4/11/32 

11/12/32, 3 

7/11/32 

7 

1(J, 2 ? ' 

17 

— 

1 — 

8/11/32 j 

6 

1(J 

18 j 

— 

j — 

— 

— 

— 

— 1 

1, 17/11/32 

21/12/32, S 

2/12/32 

5 


42 

1, 21/11/32 

a 

3/12/32 

4 1 


43 

1 Abortion, 

— 

— 

— 

— 

— ' 

27/11/32 

— 

— 

— 

— 

e ' 

1, 29/11/32 


— 

— 

— 

— ; 

1, 1/12/32 

a 

16/12/32 


Ic?, 39 

57 


1 ' — 


TABLE III. 

Flies Given Opportunity to Feed on Latex-hearing Plant. 

SARCOSTEMNUS VJ MINALE. 


Date. 

No. 

of 

Flies. 

Fed. 

Died. 

Days 

Lived. 

Larvae. 

Remarks. 

1/10/32 

10 

8 




Fed on blood. 

2/10/32 

4/10/32 

9 

— — 

19 

3 

— 

Stimulated to probe by warmth. 
Thin. 

5/10/32 

9 

— 


— 

1 Abortion 


6/10/32 

7 

— 

i(J. 19 

6 

— 

* 

7/10/32 

5 : 

— 

l<?. 19 

6 

— 

Starving. 

8/10/32 

0 i 

■ — 

!<?. 49 

7 

— 
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TABLE IV. 

flies Given Opportunity to Feed on hatex^beaving Plant. 


SARCOSTKMNtJS VIMXNALE. 


Date. 

No. 

of 

Flies. 

Fed. 

Died, 

Days 

Lived. 

Larvae. 

Hemarkfl. 

21/10/32 

10 

10 




Fed on blood. 

22/10/32 

— 

— 

— 

— 

— 

Stimulated to probe by warmth. 

24/10/32 

10 

— 

— 

— 

1 Abortion 



25/10/32 

10 


— 

— 

1 Abortion 



26/10/32 

8 

— 

2? 

5 

— . 

— 

28/10/32 

7 

— 


7 

— 

Flies weak. 

20/10/32 

3 

— 

3c?. 1^* 

8 

— 

— 

30/10/32 

3 

— 

— 

— 

— 

— 

.31/10/32 I 

2 

— 

IV 

10 

— 

— 

1/11/32 

0 


!(?. IV 

11 

— 

— 


TABLE V. 

Flies Gwen Opportiinity Lo Feed on Latex-hearing Plant. 
EtTpiiojfBiA Tiritc altj. 


Date. 

No. 

of 

Flies. 

Fed. 

Died. 

Days 

Lived. 

Larvae. 

Remarks. 

21/10/32 

10 

10 




Fed on blood. 

22/10/32 

10 

— 

— 

— 

— 

Stimulated to probe by warmth. 

25/10/.32 

9 

— 

1 

4 

1 Abortion 


26/10/32 

6 

— 

2c?. IV 

5 

— 

Thin. — 

28/10/32 

4 

— 

Ic?, IV 

7 

— 

— 

29/10/32 

31/10/32 

2 

— 

Ic?, IV 

8 

— 

— 

1 

— 

IV 

10 

— 

— 

1/11/32 

0 

! 

Ic? 

11 




Fliks (jiven the OrroirruNiTY to Feed on Latex-heauing Plants. 

As will be seen in Table Til eij^’lit flies had a perliminary feed 
of blood. On the following’ day Ihe jar of flies was inveried on the 
mat of S. vttninale, jirevioiivsly described. None attem]»ted to feed. 
Next day the mat was again warmed over a basin of hot water and 
the flies g‘iven further opportunity lo pierce the tw^ig's. This procedure 
was repeated daily. On each occasion the flies reacted to the warmth 
of the mat, but were never at any lime able lo j)ierce the cuticle 
and epidermis of the twigs, and thus did not feed. As the days 
passed, the flies became more and more hungry, and the xnobing 
reaction to warmth became more ijronounced. On the third and forth 
day they were definitely thin and hungry, and eventually became 
too weak to attempt to probe. The last flies died on the seventh day. 
One female aborted on the fifth day, but there were no births. 
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This experiment was repeated with another batch of twenty 
flies, when both of the latex bearing plants S, viminale and 
E, tiTUcalli were used. 

Methods of feeding similar to the foregoing were employed. 
As seen in Table IV and V the longest lives recorded were eleven 
days. There were three abortions. When the flies reacted to the 
stimulus of warmth, none were able to pierce the twigs. The action 
of the proboscides against the twigs was carefully watched, and 
though numerous attem])t8 were made to pierce them none succeeded. 
Microscopic^ examination of the surface of the mat revealed no signs 
of exuding latex, such as would occur had the cuticle been punctured. 

All dead flies from the ‘‘ latex jars were dissected. The 
abdomens were totally collapsed, and the guts contained only 
greenish traces of digested blood at the ])osterior end. No trace of 
latex was found, and the iodine test for starch gave no rea(*tion. In 
all cases the juoboscides contained no trace of latex. 

FniES Given the Oppoktonity to Feed on Latex Thkoucut 

A Membhane. 

As the flies were unable to pierce the epideuiuis of the latex- 
bearing plants, it was decided, to taj) the latex into tubes, to cover 
them with a membrane and endeavoiir to induce the flies to feed 
through it. 

Two tyj>e8 of membrane were used. The skin of a freshly killed 
bird, and the caecum of an antelope. In the former case the skin, 
devoid of feathers, was stretched tightly over the mouth of the tube 
filled with latex. In the latter case the blind caecum was filled 
and tied at the oj[)en end. 

The latex of both Etrphorhiaceae and Asvlvpiadaceae tend to 
coagulate when drawn fioin the ])lant forming a viscous fluid. For 
this reason it was necessary to dilute the latex with j)hy Biological 
saline for the flies to ingest. A mixture of citrated blood and latex 
was also tried as a diet. 

r- 

As in the case of the j)lant experiment it was necevssary to warm 
the mixture slightly (37^ C. to 39® C.) in order to stimulate the 
flies to probe. 

Only by ])resenting the latex in this extremely artificial manner 
was it found possible to induce the flies to feed. 

Results. 

Two jars of ten flies each were employed. They were first 
given a feed of blood to ensure working frtmi a common hunger 
basis. They were , then starved for three days so that all were 
sufficiently hungry to respond readily to the stimulus of warmth. 

The jars containing the flies were inverted, and the membrane 
covering the tubes of warni latex was brought into contact with the 
flies. Stimulated by the warmth the tsetses probed and j)i6rced the 
membrane, but rapidly withdrew the proboscis and commenced 
cleaning it with their front legs. In several cases the flies sucked 
up some of the latex and fell on their backs, dying in a few minutes, 
while in other ceases they survived from one to twelve hours, 
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according to the amount of material ingested. Similar findings were 
noticed in the case of the latex of the Asclepiad and in the mixture 
of blood and latex. 

On dissection of the dead flies the dumb-bell shaped starch 
grains of the Euphorbia were found in their guts, and the proboscides 
were clogged with latex. 

Flies Oiven the OppoRTUNriY to Feed on Citrated Bj.ood 
Through a Memruane. 

To ensure that the above method of feeding flies through a 
membrane could have no adverse eflect u2)on the length of life of 
the fly, a jar of twelve flies was fed experimentally upon citrated 
blood alone. 

The blood was drawn from a donkey into tubes containing a 
2 jier cent, solution of ])ota.ssium citrate, the mixture com])rising 
12 c.c. of blood and 2 c.c. of citrate. 

As ])reviously the skin of a hird was stietc.hed tightly over the 
mouth of the tube and it was then placed in a water bath and lve])t 
at a tem])erature between ^17^ (\ and ‘19^ 

The tube containing the warm citrated })lood was then brought 
into contact with the tsetses. 

Stimulated by the warmth the flies ])iprced the membrane and 
their abdomens swelled in a few seconds, us though engorging on an 
animal liost. 

Table A"1 shows that the flies were given the 02)portunity to feed 
in this manner on nine occasions. The op])ortuuities to feed varied 
from one to five days interval. 

TABLK YL 


Flies Given Opportunity to Feed Throupli a M enthrnne on 

(Ut rated Blood, 


Date. 

No. 

of 

Flics. 

Fed. 

Died. 

Days 

Lived. 

Larvae. 

Depo.sited. 

Remarks. 

J 5/6/33 

12 

12 



_ 

Fed through a membrane. 

16/6/33 

J2 

— 

— 

— 

— 

— 

17/6/33 

11 

0 

1'? 

2 

3 Abortions.. 

Fed through a membrane. 

19/6/33 

11 

— 

— 

— 

! 1 Pupa 

— 

20/6/33 

11 

— 


— 

2 A bort.ions . . 

— 

21/6/33 

9 

9 

2VV 

6 

1 Pupa 

Fed through a membrane. 

24/6/33 

9 

7 

— 

— 

— 

Fed through a membrane. 

27/6/33 

9 

9 

— 

— 

1 Pupa 

Fed through a membrane. 

1/7/33 1 

9 

7 

— 

— 

— 

Fed through a membrane. 

3/7/33 

9 

— 

— 

— 

1 Pupa 

— 

6/7/33 

8 

8 

1(J 

20 

— 

Fed through a membrane. 

11/7/33 

8 

6 

— 

— 

— 

Fed through a membrane. 

12/7/33 

6 

— 

2?? 

27 

— 

— 

16/7/33 

5 

5 

1? 

30 


Fed through a membrane. 

16/7/33 

4 

— 


31 

— 

— 

17/7/33 

4 

— 

— - 

— 

— 

— 

18/7/33 

0 


1<^. 39$ 

34 


Experiment stopped. 


109 



VEGETABLE DIET TITEGEV (IF “ G. PALLIOIPES 


TABLE TII. 


Starvation (Vinthot. 

Flies Allowed to Feed Once on Blood and then Starved. 


Date. 

i . v 

Fed, 

Died. 

Days. 

Lived. 

Larvae 

Deposited. 

j 

Remarks. 

1/10/32 

10 

8 




— 

Fed on blood. 

4/10/32 

10 


— 

— 

1 Abortion... 

Flies thin. 

5/10/32 

8 

— 

Id. 1? 

4 

— 

— 

7/10/32 

5 

— , 

Id. 

6 

— 

Starving. 

8/10/32 

3 

— 

29 

7 

— 

— 

9/10/32 

3 

— 

— 

— 

— 

Abdomens wafer-like. 

10/10/32 

0 

— 

Id. 2$ 

9 

■" — 

— - 


TABLE Vlll. 

Starvation Control. 

Flics Allowed to Feed Once on Bhn)d and then Starved. 


Date. 

No. 

of 

Flies. 

Fed. 

Died. 

Days 

Lived. 

Larvae 

Deposited. 

Remarks. 

21/10/32 

10 

10 




Fed on blood. 

24/10/32 

9 

— 

1 5? 

3 

2 Abortions . . 

— 

26/J0/.32 

7 

— 

Id. 1 ? 

5 

1 Larva 

Starving and weak. 

28/10/32 

6 

— 


7 

— 

1 

29/10/32 

4 

— 

Id. 1? 

8 

— 

— 

30/10/32 

3 

— 

19 

9 

— 

— 

31/10/32 

2 

— 

19 

10 

— 

— 

1/11/32 

1 

— 

IV 

11 

— 

— 

2/11/32 

I 

— ! 

— 

— 

— 

— 

3/11/32 

0 


19 

13 

— 

— 


One fly died after two days, two after six days, one after twenty 
days, two after twenty-seven days, one after thirty days, and one 
after thirty-one days. The remaining four lived thirty-four days. 
The experiment was then disc^ontinued. Four fully develojied larvae 
were deposited, and five abortions oeourred. 

From the foregtiing it is (dear that flies fed through a ineiubrane 
on blood while not actually thriving, nevertheless ran be kept alive 
for a e.onsiderable time, and will even reprodiu'e. 

Starvation Control Flies. 

Two jars of ten flies eaeh were kept as controls. These flies were 
given one feed of blood and then starved. 

Tables A" 1 1 and yill show that the longest lived of these starved 
flies was nine and thirteen days; this is longer than the longest life 
of any of the flies which had the ojiportunity lo feed on the latex 
bearing plants. Three abortions oc(mrred and one fully developed 
larva was deposited. Flies do not readily reprt)du(»e when starved, 
and the one larva was from a female well advanced in pregnancy. 
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Summary and (Conclusions. 

(1) This ])a|)er ^»ives a l)rief afuoiiiit of the history of 
Gtlossinology . Some habiis of (ilossina with special reference to 
(r. pallichpes have been discussed, ioo*ether wiih j)oiiits of inteiest 
in the tsetse’s anatomy. 

(2) There <‘iin be no doubt that the tsetse is strictly haemato- 
phaj>ous, and when allowed to feed on blood it will thrive and 
rejn'odiice. 11 reacds in a ])eculiar manner to visual imj)ressions, 
seeking* its food by sight. 

(d) The j)roboscis though a delicate organ, is yet (*apable of 
being rapidly thrust deeji inlo the tissues of the inse(‘t’s animal 
host . 

(4) The conijdi<‘ated process of digestion as studied bv 
Wigglesworth has been briefly discuissed, and he has shown that the 
tsetse’s adaj)tation to a diet of blood has resulted in the great 
increase of factors aifectiiig blo{)d coagulation. 

(5) Further, the tsetse will generally i>rol)e against any inejf 
object, ])rovide(l that object is warm. 

((i) Latex, a storage product of certain ])lants, is c,ontaijied in 
lactiferous tubes in the xyleni, and the only mannei‘ in which the 
tsetse (*ould feed u]K)n it would be by thrusting its probos(*is into a 
containing vessel. 

(7) In the ex])eriments here set forth it is clear that the flies 
are totally incapable of ]n‘er<‘ing the plant tissues, and if given 
()])portunity to feed on latex as it occurs in Natui(\ they soon die 
and no rejjroduction takes place. 

(8) Flirt hei', the latex has an undoubted toxic* effect u])Oii those 
Hies which have been artiticdally indiu'ed to ]>artake of it tlirougli 
a membrane. 
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Studies in Mineral Metabolism XXVIL 


Modifications of the Methods Used at Onder- 
stepoort for the Determination of (A) 
Magnesium and Calcium ; (B) Potassium, in 
Grass-Extracts. 


By C. 11. HOLZAPFEL, M.Sc., Chemist, Oiulerstejjoort. 


(A) THE DETERMINATION OF MAGNESIUM AND 

CALCIUM. 

In the course of work on Ihe mineral atialysis of grass-extracts, it 
was observed that the method for the determination of magnesium 
as described by Malun and Van der Lingen (19J}1), was not quite 
satisfactory. Even attei* changing the washing mixture and washing 
the final pre(‘i])itate of magnesium ammonium phosj)hate with a 
sohition containing ammonia and not sodium hydroxide as described 
in the original procedure, the method in as far as it was indis- 
criminately api)lied to all grass-extracds, still sometimes led to 
erroneous results. As will be seen later, the chief factor resi)on 8 ible 
for these errors was shown to be the jnesence of iron in varying 
amounts. Tt should be pointed out here that the conctentration of 
iron in a grass-extract is not necessarily directtly j)rojK)rtional to 
the total amount of iron in the grass, but would aj)pear to be ai)pre- 
ciably affected by almost unavoidable fluctuations in ignition tem- 
perature and duration, ash com[)ositioii, etc. It therefore became 
necessary to modify the magnesium method in such a manner that 
it would, within reasonable limits, be free of the influence of an 
unknown and fluctuating iron coucentratioji. 

As already indicated, the first step in the jnesent wstudy of the 
method was directed towards the washing of the final ])recipitate 
of magnesium ammonium phosj)hate. From theoretical considera- 
tions, the presence of sodium hydroxide in the washing mixture 
would tend to decompose the magnesium ammonium phosphate, 
liberating ammonia, redissolving some of the ])hosj)hate and jire- 
cipitating the magnesium as tri-magnesium })ho 8 phate, according to 
the eqtiaf ion : — 

3 MgNH4P04 + 2 NaOn Na^NH^PO^ + Mg^ (P04)2 + 2 NH^OH. 

It can be readily shown that this reaction is practically complete 
under these conditions of washing. The phosphate equivalent of a 
magnesium standard, which should read at 29 "4 jn.m. on the colori- 
meter against a phosphate standard of 0*2 mgm. P 3 O 5 at 30, when 
all the magnesium was precipitated as magnesium ammonium phos- 
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jjhate, was fouiid to give a reading of 42. On the basis of a 100 per 
cent, tr^-nsformation to tri-magnesium phosphate according to the 
above equation, the theoretical reading woqld be 44. The washing 
mixture was therefore changed accordingly, 30 c.c. concentrated 
ammonia (30 per cent.) being added to 1,000 c.c. of the mixture 
described by Malan and Van der Lingen (1931). 

The results obtained with 0 07 mgm. magnesium as read against 
a 0*2 mgm. phosphate standard at 30 m.m., have been tabulated in 
Table I. The mixture used for washing the final precipitate was that 
described above. 


TABLE I. 


standard. 


Actual colorimetric 
reading, (average of 
three readings). 


Theoretical 

reading. 


0*07 mgm. 


29-7 
30 0 
29-9 
29-4 
30 0 
.30* 1 
29 5 
30 ‘2 
29*7 
29-7 
29-3 
30' 1 


29-4 


In tJie method under review, the magnesium is determined by 
first precipitating the calcium as oxalate in a solution just alkaliiiized 
with ammonia. Without removing this ])reci])itate, the magnesium 
is then precij)itated as magnesium ammoniuiu ])hos[)hate by adding 
excess phosphate and ammonia. The magnesium in this precipitate 
is determined indirectly by determining its phosphate equivalent 
colorimelrically. The culcium on the other hand is determined as 
its ])hosphate iii a second aliquot by directly ])reci))itating the calcium 
as calcium j)ho8]>hate from a solution made alkaline with sodium 
hydroxide, 

Since the grass-extract itself contains some phosphate and in 
addition contains various other metallic ions such as Iron, copper, 
aluminium, manganese, etc., it is clear that a very coniidex system 
is being dealt with. With micro-quantities it is possible to choose 
conditions in such a way that the precipitation of an undesired 
<jompound is avoided, either by keeping the i)roduct of its ionic con- 
<'entrations below their solubility product or by utilizing the possi- 
bility of complex salts s])ecially characteristic of the micro-concen- 
tration range. It follows, however, that any such method must be 
restricted in its ap})lication, since its correctness must be limited to 
a definite range of concentrations for every individual ion capable 
of influencing the system. 
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In dealing with graHR-extract.s the position is greatly simplified 
in as much as siicJi metals as aluminium, copper, manganese, etc., 
are present in sin^.h relatively low (toucentrations that their presence 
does not in any way aj)j)re(*iably afiect the analytical values for 
calcium and luaguesium. Jn the (‘ase of iron the i)()sition is diiferent, 
since grass-extracts frequently contain iron in such quantities, as to 
lead to serious errors. 

Before considering the possible influeiice of a third elemeni such 
as iron, i1 would seem advisable 1o consider the possible effect of 
calcium on the magmesiuin determination. In a neutral solution, 
containing calcium, magnesium and phosj)hate with a considerable 
excess of ammonium oxalate it may be anticipated that only at a 
relatively high level of phosphate and calcium concentration would 
some calcium ])e ])reci])itate(l as calcium phosphate and thus cause 
too high magnesium values. In actual experiment it was found that 
the calcium and initial j)hosi)hate had to rise as high as 10 mgm. 
])er aliquot volume before a distinctly measurable erior was intro- 
duced. This is about five times the amount usually present in grass- 
extracts. 


Effect of Ikon on Maonksiim Detekmination. 

Grass-extracts liave been examined with a ferric iron content 
as high as 24 mgm. Ee per 100 c.c. extract ( + 10 gm. glass), and 
possibly highej*. Such iron coii(‘.ent rations are sufiiciently high to 
cause at least some of the iron to be ])reci])itated. as ferric i)hos])hate 
under favourable conditions, thereby causing errors in the magnesinm 
values obtained. In the following table the relevant data obtained 
on vstandard solutions containing known amounts of magnesium, iron 
and “ initial i)bos])hate ” have been compiled, the presence of cal- 
cium being maintained merely be(*.ause it is always ju’esent in actual 
grass extracts. 


TABLE IJ. 


1 

No. 

Mgra. Mg. 

Mgm. ('a 

Mgm. Fe 

Mgm . 
(initial) 

F’roduct 

1 Ke] X 

Colori- 

metric! 

prewtMii . 

preHcnl , 

present. 

present. 

rl’aOJ. 

reading. 


O-IO 

0-50 

010 

0*40 

0-04 

! 

2(>-8 


()• JO 

0*50 

0-20 

0-40 

008 

17*4 

0 10 

MK) 

0- 10 

0-80 

0 08 

17*0 

4 

()• 10 

]()0 

020 

0-40 

0*08 

16*9 

,5 

0- 10 

0 50 

0-20 

0'40 

0-08 

17*3 


010 

O'oO 

o:k) 

0-40 

012 

1.5*4 

7 

0*10 

0*50 

O' 40 

0*40 

0*10 

i:ph 


0 10 

100 

0-.50 

0-40 

0-20 

13*2 


According to the quantify of magnesium present, the above 
colorimetric readings, compared with a 0*2 mgm. l\Or, standard at 
30 m.m., should all have been in the neighbourhood of 21 m.m. It 
will be seen that only No. 1 gives a correct reading, all the othcu* 
readiu^As giving t<K) high values. Jt will also he noticed that as the 
product [Tel x [P2O5] increases, the error increases. It may thus 
be concluded that the presence of iron must either be excluded or 
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limited to such, amounts that the product [Fe] x [/* initial 
p 20 «] is kept well below 0 04 per aliquot volume. The above further 
sugg'ests that at least some iron is precipitated as ferric jihosphate. 
This conclusion may be confirmed by excluding* the magnesium and 
calcium from the above experiment. 


TABLE III. 


Mgm. Fe present. 

Mgm. (initial) 
prtssont. 

Product (Fe) x 
1 “ initial ” P 2 O 5 . 

005 

10 

0*05 

010 

10 

010 

015 

10 

015 

0*20 

10 

0-20 

0-25 

10 

0*25 

0-46 

0-8 

0-36 

0-55 

0-8 

0-44 


Colorimetric 

reading. 


Slight colouration. 

ir80 

±60 

48 

44 

26-5 

21-6 


Obtaining such readings as the above against a 0*2 mgm. P 3 O 5 
standard at dO clearly illustrates that at least some iron is j)recipi- 
tated as phosphate since in the above case boih magnesium and cal- 
cium were absent. The table again suggests that a figure of apjnoxi- 
mately 0*04 for the product [FeJ x | “ initial is a maximum 

value for apjuoximately correct readings. If it is allowed to rise to 
about 0*4 the error on 01 mgm. magnesium would at least be 100 
])er cent. In solutions containing both iron and phosphate the only 
safe procedure would thus be either to exclude or remove Ihe iron 
in some way. It was observed that the addition of oxalate under 
certain conditions ]}revented the precipitation of iron, ])robably in 
a similar manner as the better known a(‘tion of nitrate on iron in 
solution. However, the results obtained by exploiting the use of 
oxalate for preventing the iron from being precipitated were some- 
what erratic. The use of citrate proved efficacious as far as keej)ing 
the iron in solution, but apparently prevented complete preoi])itatioji 
of the magnesium. ^ 

It was therefore decided.^ first to precipitate the iron as hydmxide 
(phosphate) by adding ammonia, then precipitating the calcium by 
adding oxalate, centrifuging off, and determining the magnesium 
in the supernatant liquid. 

The results thus obtained on some standard solutions have been 
tabulated in Table IV-. 

TABLE lY. 


Mgm. Mg. 
present. 

Mgm. Oa. 
present. 

Mgm. Fe. 
present. 

Mfcm. P,0, 
present 
(initial). 

Product 

[Pel X 
[“ initial" 
P. 0..1 

Mgm. Mg. 
recovered. 

Recovery 

007 

0-6 

0-3 

0-6 

0-18 

0-067 

96 




0*6 

0-18 

0-067 

96 


10 


0*4 



95 


0*5 


0*6 

0*18 


98 



0-3 

0-6 

018 


97 

016 

0‘5 

0-3 

0*6 

018 

0146 

97 
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All these vahies are satisfactory, since some slight loss was 
me^tahly incurred by the dec.antation of the supernatani fluid, 
ouch losses, however, are mechanical, and may easily be avoided by 
taking- an aliquot of the supernatant. 

. To confirni the correctness of this jirocedure further, ami to test 
its ajiplieability to the analysis of grass-extracts, six such extracts 
were selected on the basis of their iron content. Using 1 v,.c. aliquots, 
the magnesium was first (A) deterinined on the calcium oxalate plus 
ferric hydroxi(le-])hos 2 )hate precipitate, then (B) in the su])€^rnataiit 
liqujd, and finally (C) in a He(‘<)nd aliquot on the total precipitate 
obtained by the ori^»iiuil method. These values have been tabulated 
in Table V. 


TABLE V. 


Spe'^nmen. 

A. 

Mem. MirO 
per 100 
gm. grawH. 

B. 

Mgm. MgO 
por 100 
gm. graHH. 

1 

0 . 

Mgm. MgO 
per JOO 
gm. grass. 

Mgm. Fe per 
100 e.e. 
grass- 
ex tract. 

Mgm. 

|H‘r 100 c.e. 
grass - 
extract . 

2 

0 08 

0-22 

0-31 

23-5 

13-9 

13 

004 

0- 13 

018 

15 0 

9-5 

fiC (1) 

0(X) 

0-17 

018 

10*3 

8 -fJ 

44 

0 03 

012 

015 

91 

9-5 

51 

0-00 

0*20 

0-20 

7-8 

10*3 

27 1 

j 

0-00 

0- IS) 

0-20 

. 7.7 

11-7 


Ill the above table, the values under column B must be (‘onsidered 
as correct, those under column A increasing* with increase in iron 
(tonteiit. When the iron and im'identally the phosj)hate content is 
low as ill samples i>C(l), 44, 51 and 27 the difierence between 
columns B and C is either zero or insignificantly sjnall. Where the 
iron contents are higlier, as for exam])le in sample 2, the error is 
ai)i)reciable. The difference between columns C and B, however, 
more or less exactly eipials the figures under column A, whose values 
were sliown to be due to the ])recipitation of ferric ])lK)sphate under 
the conditions of the original j)rocedure. 

After the modificaitioii of the method for the dcterminati<»n of 
magnesium was foiuid to be satisfactory, it seemed j)ossible to deter- 
mine both (*alcium and magnesium iu the same alicpiot of grass- 
extract, provided the method for calcium determination could be 
modified accordingly. The method of procedure suggesting itself at 
this stage was to utilize the precipitate of calcium oxalate for the 
calcium determination. The precipitate, consisting of calcium 
oxalate, ferric hydroxide and possibly some ferric plK)s])hate was re- 
dissolved in dilute hydrocloric acid, and the calcium in this solution 
directly determined by iirecipitation as jihosphate according to the 
original method for calcium. The procedure thus resembles very 
closely that of Kramer and Tisdall (1921) for the determination of 
calcium and magmesiuin iu serum, excejit that the calcium is here 
determined as phosphate, while according to the method of Kramer 
and Tisdall the calcium is titrated as oxalate with j)ermanganate. 
Malan and Van der Lingen (1931) state that the presence of iron, 
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up to four timen the quantity usually present in grass-extracts, has 
no appreciable effect on the calcium figures obtained. As the follow- 
ing table will show, this statement has been confirmed, correct values 
being obtained even with iron as high as 0*8 mgm. Fe per c.c. 
extract 


TABLE YI. 


Mgm. Mg. 

Mgm. Ca. 

Mgm. Fe. 

1 Mgm (initial) 
F 2 O 6 

1 present. 

Mgm. Mg 

Mgm. Ca 

present. 

present. 

present. 

recovered. 

recovered. 


0-07 

0-20 

0-10 

0-40 

0-070 

0-07 

0-20 

0-10 

0-60 

0-088 

0-07 

0-20 

0-20 

0-40 

0-068 

0-07 

0-20 

0-20 

0-60 

0-069 

0-07 

0-20 

0-30 

0-40 

0-070 

0-07 

0-20 

0-30 

0-60 

0-067 

0-07 

0-20 

0-50 

0-40 

0-068 

0-07 

0-20 

0-60 

0-40 

0-069 

0-07 

0-20 

0-80 

0-20 i 

0-067 

0-07 

0-20 

0-80 

0-40 1 

0-067 


0-200 

0-198 

0-203 

0-203 

0-204 

0-203 

0-204 

0-200 

0-194 

0-192 


Incidentally it should be noted that in this pro(iedure the effect 
of magnesium on calcium determination as stressed by Hoe and Kahn 
(1929) is obviated in as much as magnesium is absent when the 
calcium is j)recipitated as pho8])hale. 

As a final test for the applicability of the modified method to 
grass-extracts, the method has been used for the analysis of grass- 
extracts to which known amounts of calcium and magnesium have 
been added. These results have been tabulated in Table VTT. 


TABLE YII. 


Mg present 
from grass - 
extract, ragra. 

Mgm. Mg 
added. 

Ca present 
from grass- 
extract, mgm. 

» Mgm. Ca 
added. 

Mgm. Mg 
recovered. 

Mgm. Ca 
recovered. 

0-041 

0-036 

0-074 

0-10 

0-076 

0-174 

0-0.31 

0-036 

0-101 

0-10 

0-069 

0-198 

0 045 

0-036 

0-148 

0-10 

0-079 

0-232 

0-034 

0-036 

0-114 

0-10 

0-070 

0-214 

0-044 

0-036 

-.0-158 

0-10 

0-08.1 

0-246 

0-036 

0-036 

0-072 

0-10 

0-073 

1 0-172 


DiaAii.ED Description of Technique for the Dei ermination of 
Magnesium and Calcium. 

I c.c. of grass-extract is pipetted into a 15 e.c. centrifuge tube. 
4 c.c. of distilled water are added and then a minute drop of methyl 
red. A further drop of strong ammonia (35 per cent.) is sufficient to 
make the solution just alkaline. After shaking the tube, 1 c.c. of 
saturated ammonium oxalate solution is added to precipitate the 
calcium. The tube is then well shaken and left for at least four 
hours for complete precipitation of calcium. It is then centrifuged 
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for 10 minutes at about 2,000 r.p.m. The supernatant liquid is then 
carefully decanted and a 5 c.c» aliquot pipetted into another 15 c.c. 
centrifuge tube. In this solution the magnesium is determined by 
precipitating as magnesium ammonium phosphate by adding 1 c.c. 

^ cent, mono- potassium 2)hosphate, 2 c.c. of strong ammonia 
<o5 per cent.) and 1 c.c, of a 2 j)er cent, ammonium chloride. The 
inside of the tubes are then rubbed with a rubber-tip^jed glass rod 
until the j)re(di)itate of magnesium ammonium phosphate begins to 
form. The rest of the procedure is the same as described by Malau 
and Van der Lingen emidoying, however, the new washing 

mixture described at the beginning* of this paper. 

The standard to be used in this method, containing aiqnojudate 
amounts of magnesium and calcium, would be the following: — 
0*8 c.c. of a pure soluiion containing 01 irigm. magnesium per c.(‘. 
is taken and 1 *7 c.c. of a pure solution containing 0*1 mgm. calcium 
per c.c. is added. The solution is made uji to 5 c.c. and proceeded 
as described above. The magnesium standard obtained in this manner 
should then theoretically read at 30*7 against a 0*2 mgiu. 
standard at 30, and the calcium standard at 29*9. 

The calculation for the magnesium values of grass would be the 
following : — 


0 0()7x 30x0x100x 100 

gm. Mg. per 100 gm. grass 

Ilx5xvxgxl 000 

when the 0 067 mgm. magnesium standard is set at 30, R the reading 
of the unknown, r the aliquot volume of the 100 c.c. grass-extract 
taken, and y the weight of grass taken for the extract. 

The calcium oxalate precipitate in the original tube is then 
dissolved in 2 to 3 c.c. of N IK'*!, and the solution made up to 10 c.c. 
In this vsolution the calcium is determined as its ])hosj)hate, as 
described by Malan and Van der Lingen (1931). The calcium 
standard mentioned above is the same as in the original method. 

The j)rocedure described above, of determining both calcium 
and magnesium on the same alicjuot of grass-extract is undoubtedly 
time saving, as it enables one under present conditions, to determine 
both calcium and magnesium in aj)proximately the same time devoted 
previously to magnesium only. 


SX MMARY. 

A modified method for determining calciuin and magnesium in 
grass-extracts is described, and the effect of iron on the original 
magnesium determination illustrated. Also, a modification of the 
washing mixture substituting ammonia for sodium hydroxide, for 
washing the precipitate of magnesium ammonium phosjrhate was 
found necessary. 
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(B) THE DETERMINATION OF POTASSIUM. 

The alterations adopted in the |>rocedure of this method, as 
described by Malau and Van der Lingen (1931) resulted from a 
publication by Roger »S. Hubbard (1933). The author advises the 
standardissation of conditions under which the precipitation of potas* 
sium is carried out, because potassium and sodium may form a series 
of double nitrites with cobalt, due to chemical and physical varia- 
tions. 

One c.c. of buffer solution (100 gm. of crystalline sodium acetate 
made up to 250 c.c. with distilled water) is added to the solution 
prior to the precipitating agent sodium cobalti nitrite. During the 
period of precipitation (one hour) the tubes are kept in ice-water, 
thereby maintaining a constant temperature for precipitation inde- 
pendent of room temperature variations. 

Instead of washing the x^otassium precipitate with distilled water 
an organic solvent is used (acetone diluted with three ])art8 of watei* 
for the first two washings, and pure acetone for the subsequent wash- 
ing). With this washing fluid the x>recipitate may be disturbed and 
easily centrifuged down again, where with pure distilled water some 
of it would invariably remain on the water surface in 8y)ite of centri- 
fuging. These alterations have been applied to the x)otassium deter- 
mination with advantage. 
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APPENDIX. 

Since the above was written, it was found necessary to determine the 
calcium and magnesium contents of not only grasses but of other feeding stuffs 
like maize, beans, etc., in which the limits <\f variation of these elements were 
Wider than those given. Under such conditions the method could not be 
applied wholly as given and slight modifications had to he introduced. 

First of all, in the combined determination of calcium and magnesium, 
the calcium concentration in the aliquot should not exceed 0*25 mgm. (see 
Table VII) but should rather be kept between 0 1 mgm. and 0-2 mgm. As 
described above, the calc*ium oxalate precipitate is dissolved in HCl and then 
the calcium is again precipitated as calcium phosphate in an alkaline medium. 
Under these conditions, with a highei calcium concentration than that given, 
viz., 0*1 mgm. to 0*2 mgrn, per aliquot, and an equivalent cqncentration of 
oxalate present, some calcium oxalate may again be precipitated in the alkaline 
medium when the calcium is precipitated as phosphate. 

In other cases, when both magnesium and phosphate are exceptionally 
high, some magnesium may be precipitated as Mg NH^ PO^ when precipitating 
tlie calcium oxalate. This difficulty may be overcome by taking a very small 
aliquot of the extract, or by precipitating the calcium oxalate at a pH 
between 3 and 4 when the magnesium remains in solution. Under these condi- 
tions, however, the iron concentration in the aliquot should be very low or nil, 
else the iron would eventually be precipitated as iron phosphate along with 
the Mg NH^ PO,,. 

In the event of it being impossible to take an alquot to suit the determina- 
tion of both calcium and magnesium, the determinations should be carried out 
on separate aliquots, the calcium being determined directly as calcium phosphate 
as described by Malan and van der Lingen, and the magnesium as Mg NH^ PO^ 
according to the procedure described in the article given above. , 
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Studies in Mineral Metabolism XXVIII. 

Methods for the Micro-Determination of Iodine 
in Biological Material. 

By I. ,T. B. BLOM, M.Sc., Ph.I)., Research Officer, 

Department of Biochemistry, Onderstepoort. 

Onp: of the chief difficulties in iodine investigations in the past has 
been the lack of a method of analysis, sufficiently delicate, to deter- 
mine accurately the very small amounts of iodine ijresent in some 
biological substances. The literature relating to the methods pro- 
pose(l in the past has been reviewed so comprehensively by Scharrer 
(1928) that the older methods will not be discussed here. The modern 
methods cun be arranged into three groui)s depending on the ])rimary 
treatment of Ihe material to be analysed. The material is decom- 
posed so that iodine can be extracted in the form of a water-soluble 
compound. The methods can be classified as follows: — 

{a) Dry 0,ri(latlon in a Closed System, — According to McClendon 
(1927), Schwaibold and Harder (1981), etc., the liiaterial is heated 
ill a (dosed system in a current of oxygen, and the combustion products 
] massed through an electrical precipitator or over a heated catalyst 
and finally through an alkaline solution which absorbs the iodine. 

(h) Nickel Dish Method, — The method adopted by Van Fellen- 
berg (1926) and modified by Scheffer (1980) and others, lays dowai 
that the material shall be mixed with an alkali in an open — usually 
nickel — dish and heated carefully until all the carbonaceous matter 
has been charred or totally oxidized. The iodine in the form of an 
alkali iodide is then extracted with ± 95 per cent. al(*ohol, or with 
water and alcohol. 

(c) Wet or Acid Oxidation Method. — Pfeiffer (1930) juoposed 
the use of this method. The material is treated with perhydrol and 
concentrated sul])huric acid in a closed system and the iodine liberated 
is absorbed in an alkaline solution. 

The numerous methods cited in the literature bear testimony to 
the fact that some essential detail is lacking in the j)ro(udure, and 
lately, workers have (‘on(*entrated on ))erfecting the existing methods 
rather than proposing new ones, so that iodine can now be determined 
with a fair degree of accuracy by the experienced worker. 

Although the greatest care should be taken in the determination 
of iodine when it has been converted into a soluble form free from 
organic matter, all possible precautions should be adopted in the 
primary treatment of the material to avoid loss of iodine; and, until 
such time as the carbonization in open crucibles has been perfected, 
the dry oxidation in a closed system should yield the best results, 
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althougli> unfortuiiately, it is very lengthy and therefore hardly 
suitabk for routine analyses. A criticism against the use of the 
acid oxidation method in the analysis of plant material is the possible 
error which may be introduced by impurities, which, in the form 
of iodine, may be present in the large amount of reagents used. 
Consequently, it was decided to test the accuracy of the nickel dish 
method, the most rapid and hence the most adaptable for routine 
analysis, by comparing its efficiency with that of the dry oxidation 
method as a standard. The procedure adopted in the technique is 
as follows: — 


Closed System Method. 

About 20 to dO grams of dry material (grass, vegetables, etc.), 
are packed int<j a clear silica tube 28 inches long and one inch internal 
diameter. The tube is fitted with a rubber stop])er at each end. The 
primary oxygen is led in at the one end and the secondary supply 
at the other end through a silica tube which passes through the 
catalyst consisting of silky fibrous asbestos. The material for analysis 
is kept in position by a plug made from Whatman No. 40 filter paper. 
The ashing is carried out as follows : The primary oxygen is turned 
on until the air in the tube and wash bottles is disj>laced. The 
catalysi is then heated by means of gas burners and when the tem- 
perature reaches ± 700^ C. the secondary oxygen is also turned on. 
The organic material furthest away from the catalyst is heated 
slowly until combustion starts. No more external heat is applied 
to the combustible material for some time and a combustion zone 
travels slowly along the length of the tube. Some carbon is de])osited 
on the inside of the tube and this is finally burnt away by ap])lying 
external heat. 

The combustion i)i‘oducts travel along the tube until they come 
into contact and mix with the secondary oxygen, and then pass 
through the heated catalyst where complete (*ombustion takes place. 
In this way the tarry vapours are all destroyed and the oxidation 
products, which are now colourless, i)lus the ex(*-ess secondary oxygen 
pass through wash bottles containing solutions of potassium (‘ar- 
Donate. By including two of these absorptjon flasks in the circuit 
all the iodine contained in the combustion products is absorbed. 

When all the carlmnaceous matter is oxidized, the residue is 
cooled in a current of oxygen. The tube is then washed with dis- 
tilled water and the combined washings, to which is added 0 5 c.c. 
saturated j)ota8sium carbonate, heated on the steam bath for some 
time and filtered. The contents of the wash bottles are poured inio 
a ]>latinum dish, the bottles washed with distilled water and these 
washings, together with the W’ash water from the silica tube, are 
added to the contents of the platinum dish. The solution is 
evaporated to dryness, the (contents of the dish glowed over an open 
flame to remove the last traces of organic material, dissolved in a 
minimtim quantity of water, and filtered. The dish is washed with 
small quantities of iw^ater which, after being filtered, are added to 
the main filtrate. The alkaline filtrate is neutralized with hydro- 
chloric acid and a drop of excess acid, added. After the addition of 
a few grains of pumice stone and about 1 c.p. freshly-prepared 
chlorine water the excess chlorine is boiled off. This is accomplished 
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after 10 minutes’ brisk boiling*. When the solution is cold a very 
small crystal of potassium iodide (about 0.001 gm.), and about 
10 drops of a *25 j)er cent, starch solution are added and the iodine 
liberated is titrated against thiosulphate using a micro-i^ipette. 

Chlorine water is pre].)ared a few minutes before it is required 
by dropping concentrated hydrochloric acid on to potassium per- 
manganate and passing the chlorine through distilled water contained 
in a cx)nical flask fitted with an outlet tube. When the chlorine 
water is required, tins tube is pushed down so that it reaches into 
the water. The j)ositive i)reH8ure in the a])paratu8 forces the chlorine 
water out drop by drop. 

Blank determinations were carried out on the reagents employed. 
The same i)rocedure as in the actual determination was adopted and 
also the same quantity of distilled water and reagents used. Iodine 
was not detected in any of these blanks. This showed definitely that 
after 10 minutes boiling all the chlorine had been driven off. 

The asbestos used as catalyst is purified by heating it with con- 
centrated sulphuric acid for twelve hours and washing it thoroughly, 
first with taj) water and finally with distilled water. The asbestos 
is then dried and heated at ±000*^ C. to remove the last traces of the 
acid. 

The closed system method is taken as a standard, i.e. one which 
gives us nearly absolute results as ])ossible. Loss of iodine due to 
escajie during the c‘ombustion jn’ocess is eliminated, and after oxida- 
tion all the iodine is present either in the silica tiibe or else in the 
absorption flasks. In either case the final scdutioii, i.e. washings from 
silica tube idus absorjition liquid, contains all the iodine. The 
method gives excellent results on du])licate determinations and on 
recovering added iodine compounds as described in Tables T and II. 

It was therefore decided to test out a simjiler method suitable 
for routine analysis and to standardize it against the sili(‘a tube 
method. The manipulation of the apparatus emjiloyed in the acid 
oxidation (I^feiff'er, LWO) is too comjdicated and besides being unsuit- 
able for bulky jdant materials low in iodine, it offers no advantage 
over the dry oxidation in a closed system. The only alternative is 
the partial ashing of organic material in the presence of an alkali 
in open crucibles or dishes. 

?IiOKKL Dish Method. 

The method adopted is based on that described by S<‘heff*er (1980) 
with slight modifications. A samj)le of finely ground dry ])lant 
material — about 20 to GO gm., depending on the anticd}>ated iodine 
content of the substance analysed — is weighed into a nickel dish and 
completely covered with water. To this 5 to 15 c.c. of a saturated 
potassium carbonate solution are added, and the (*.oiitents stirred with 
a glass rod so that the alkali is mixed intimately with the individual 
l^articles of the organic material. The excess water is evaporated on 
the steam bath and the nicikel dish pla<*ed in a large ele(*tric furnase 
the temperature of which e^in be regulated by means of a suitable 
resistance in the circuit. The current is switched on and the tem- 
]>erature raised to +150^ C. The resistance is then increased so that 
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tjie furnace is heated very gradually., On account of the swelling 
of starchy materials the procedure adopted in the case of grass and 
fibrous materials is slightly different to that for intumeacent 
materials. 

Grass and Fibrous Materials. 

At approximately 250® to 270® C. the contents of the dish b^in 
to glow and an ignition zone travels through the entire mass. The 
current is switched off as Soon as spontaneous combustion takes place, 
and it is found that under these conditions the temperature of the 
furnace can be regulated not to exceed 290® C., although that of the 
glowing mass in the nickel dish may be slightly higher. This is 
imi>OTtant because the efficiency of the method depends largely on 
the temperature employed and at no stage during the carbonization 
should this exceed 300® C. 

Intumescent Materials. 

These substances swell to an enoimous extent when heated alK)ve 
200® C. To ovei'come this the dish is cooled from time to time and 
the contents broken up with a nickel spatula. This process is con- 
tinued till intumescence ceases. The dish is then heated further to 
290® C. and kept at this temperature until the material is totally 
charred. 

When all the organic matter — fibrous and starchy — is carlwnized, 
the dish is allowed to cool, the contents finely jjowdered and trans- 
ferred to a conical flask. The dish is washed with small quantities 
of water and the washings added to the contents of the flask. The 
flask is heated on the steam bath, 50 c.c. absolute alciohol added, 
the flask shaken with a gyratory motion and the alcohol extract 
filtered. The residue is extracted with three successive portions of 
alcohol and finally it is transferred to the filter and washed with 
alcohol. 

The al(5ohol extract jilus 2 c,,c. satuiated ]K)ta88mm carbonate 
solution is slowly evaporated to dryness in a platinum dish without 
allowing the contents to boil. The dish is gently glowed over an 
open fiame and the residue moistened with water and extracted with 
successive iiortions of alcohol until the alkali separates out. The 
residue is again moistened with water, extracted with alcohol as 
before and the filtered alcohol extract added to the main extract. 

It is of the utmost importance in the extraction of potassium 
iodide to dissolve all the soluble material in a minimum quantity of 
water so that a fairly saturated solution is obtained, and then only 
to add the alcohol. In this^ way the alcohol is brought into direct 
contact with the iodide which cannot hap})en when a mixture of 
water and alcohol is used for extraction. In the latter case the iodine 
may be so occluded by the rest of tbe material present that extraction 
can only be complete when the material is ground to an impal|mble 
powder, Scheffer {1930) illustrated this fact very clearly. Also 
Hercus and Aitken (1933) in studying the partition of potassium 
iodide at low concentrations between alcohol and potassium carbonate 
solution found that if the potassium carbonate was saturated or nearly 
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SO aad excess absolute alcohol added to dehydrate the paste, the 
partition coefficient was of such an order that under the conditions 
described in this ])aper for the extraction all the iodide should be 
present in the alcohol extract. 

The filtered alcohol extract plus 0’5 c.c. i)otas8ium carbonate 
solution is transferred to a platinum dish, slowly evaporated to dry- 
ness and gently glowed. The residue is dissolved in a few c.c. water, 
the solution filtered, the dish washed three times with a few c.c, 
water, and the washings added to the main filtrate. The combined 
filtrate is neutralized with hydrochloric acid and a drop excess acid 
added. The rest of the i)rocedure is similar to that described for the 
closed system method. 

Standardizing and Comparing tiik Efficiency of the Methods. 

The efficiency of the silica tube method was determined by adding 
1 c.c. j)otassium iodate solution of known strength to filter paper 
(free from iodine) and also to grass and analysing the materials 
according to the (dosed system method. Ip some cases the iodine 
present in the two absorjdion flasks and in the washings of the silica 
tube was detenuined separately, while in others the various iodine 
containing fractions were all combined. 

TABLE I. 


The Efficiency of the Closed System Method. 


8ul)8tance Analysed. 

Weight of 

Material 

Analysed. Gram. 1 

Iodine j 

Present in \ 

Material.fy. i 

Iodine Added 
in the Form of 
KIO«. fy. 

1 

Total Iodine ' 

Present .fy 1 

Iodine in First 
Absorption 

Flask.ty . | 

Iodine in Second 
Absorption Flask. 

ty 

Iodine in 

Washings from 
Silica Tube.fy j 

Total Iodine 
Recovered, fy | 

i 

1 

Percentage 

Recovery. 

Two filter papers 



80 

80 

73-8 

10 

4-5 

79-3 

99 

Two filter papers 

— 

— 

80 

80 

74-2 

0-9 

3-6 

78-7 

98 

Two filter papers 

— 

— 

80 

80 

70 -fi 

0-7 

3-6 

J 

79-9 

100 

Mature Grass (18) 

9-3 

*9-7 

80 

89-7 


m 

1 

80 

89 

Green Grass (28) 

no 

♦7-3 

1 80 

87-3 


78-6 


78*6 

90 

Mature Grass (14) 

12-8 

♦8-0 

1 80 

88-0 


79-3 


79-3 

90 

Mature Grass (14) 

12-6 

♦7-9 

80 

78-9 


78-7 


78-7 

90 


These results need some explanation because the total iodine 
recovered is just equal to or less than that added to the grass. At 
first sight it may thus appear that none of the iodine originally 
present in the grass is recovered. This, however, is certainly not 
true and the explanation is offered in Table III. Here the same 
amount of iodine is added to samples of grass and where the iodine 
present in the original sample exceeds 12 y the iodine recovered is 
always more than that added, even although the percentage recovery 
is less than that recorded in Table I. It is clear, therefore, that 
the iodine recovered is made up of that iiresent in the material 
analysed as well as that added in the form of potassium iodate. 


* The values used here are calculated from the results obtained for the closed system method 
vidt Table IT. 

t The sign y is used to denote a microgram or the millionth part of a gram. 
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, T1i 6 following table of results compares tie efficiency of tne 
nickel dish method with that of the dry combustion method: — 


TABLE II. 



Biy Combustion Method. 

Nickel Dish Method, 

Sub8tfkn€« Analysed. 

Iodine in 
First 

Iodine in 
Second 

1 

Iodine in 
Washings 
from 

silica tube. 

Total 

Iodine. 


Total 



Absorp- 

tion 

Flask. 

Absorp- 

tion 

Flask. 

Average. 

Iodine in 
Material. 

i 

Average. 


y% 

y% 

y% 

y% 

y% 

y% 

Y% 

Mature Grass (18) 

94>8 

2-8 

7-0 

106*61 




Mature Grass (18) 

84*1 

4-1 

16*7 

103-9 y 

104-6 

102 

102 

Mature Grass (18) 

88-8 

4-9 

11-6 

106*31 




Mature Grass (14) 

i>4-3 

3-8 

4-7 

62-8 

62-8 

60 

60 

Green Grass (28) 

43-3 

3-9 

17-6 

66-81 




Green Grass (28) 

40-8 

3-9 

18-6 

63-2 y 

650 

62-3 

62-3 

Green Grass (28) 

34- 1 

40 

29-6 

67-7 J 




Mature Grass (20) 


V — 

161- 



161 

162, 164 

158 

Mature Grass ( 40 b) 


111-6 



ill-5 

114-1 

110-7 

110-8 

112*4 

112 



Potatoes (S. 990) 


79-0 



79-0 

83*0 

82-4 






; 79-6 








82-6 





1 

i 


84-6 


PutotoeB (8. 901) 


92-2 



92-2 

110-8 

113-2 

112 

1 

Wheat (8. 9891) 


10- 1 



10- 1 

10*6 

10-2 







10-0 


Wheat (8. 989 H) 


16-3 



16-3 

14-8 

14*5 




1 

1 

1 

14-7 





*' 



14-0 



The results obtained by the nickel dish method agree fairly well 
with those of the standard method and lie within the limits of 
experimental error. The efficiency of the nickel dish method was also 
determined in a more direct manner. One cubic centimeter jwtassium 
iodate solution of known strength was again added to the organic 
material and the analysis carried out as already described. The 
results given in Table III Show that the percentage recovery is not 
much lower than that obtained with the closed system, vide Table I. 
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Nicicel Dish Method. 
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Material. 

Weight : 
gram. 

Iodine ! 
Present. 

y 

Iodine 

Added. 

i 

y 

Total 

Iodine. 

y 

i 

Iodine 

Re- 

covered. 

y 

0/ 

/o 

Re- 

covery. 

Mature Grass (14) 

121 

7*6 

80 

87-6 

73*7 

84 

Mature Grass (14) 

10-8 

6-8 

80 

86-8 

74*4 

86 

Mature Grass (20) 

13-8 

21-8 

80 

101*8 

84*5 

83 

Mature Gross (20). 1 

150 

23-7 

80 

103*7 

83*6 

81 

Mature Grass (40b) , 

14-2 

15*9 1 

80 

95*9 

87*0 

90 

Mature Grass (40b) 

171 

19-2 

80 

99*2 

94*1 

95 

Mature Grass (40b) 

11-3 

12-7 

80 

92*7 

82*8 

89 

Mature Grass (40b) 

10-3 

11*5 

1 

80 

91*5 

80*3 

88 


Emphasis has been laid on the faot that the maximum tem- 
perature employed during* the earbonization stage in the nickel dish 
method should not exceed 300® C. Widmann (1932) has shown that 
when a temperature range of 300® to 350® C. is employed, the values 
for blood average only 36 per cent, of those obtained with an absolute 
method, while in the case of a range 200® to 250® C. the average 
figure is 88 per <‘ent. This figxire agrees very well with the average 
percentage recovery of Table III, wrhich is 87 per cent. 

It was found that, if the temperature is allowed to exceed 
300® 0. for any length of time, as much as 60 X)er cent, of the iodine 
present is lost. This is borne out by the results tabulated below: — 


TABLE IV. 


Material. 

Silica 

Tube 

Method. 

v% 

Nickel Dish Method. 

250“ to 300“C. 
V% 

±400“ C. 
V% 

Wheat I 

10* 1 

10*2 

7*5, 8*2 

Wheat II 

16*3 

14*5 

13*2 

Mature Grass (20) 

161*0 

158*0 

87*3, 97*5 

Mature Grass (14) 

62*8 

60*0 

51*0 

Mature Grass (28) 

65*6 

62*3 

48*1 


Tables II and III illustrate the efficiency of the nickel dish 
method as long as the specified temperature range is adopted and 
the alcohol extraction carried to completion. For this reason as well 
as the suitability of the method for routine work, this method was 
adopted throughout the ixresent investigation and the same pro- 
cedure followed with slight modifications to suit the requirements of 
the different types of materials analysed. 
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StTMMAKY, 

Micro-analytical methods for the determination of iodine in 
biological substances are discussed and the efficiency of the nickel 
dish method compared with that of the dry oxidation in h closed 
system. It is shown that under the conditions specified the error in 
duplicate analyses does not exceed 20 per cent., while over 80 per 
cent, of the total iodine present, i.e. iodine in the orginal material 
plus the amount added, can be recovered. 
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The Iodine Content of Foodstuffs in Relation 
to the Occurrence of Endemic Goitre in the 
Langkloof Valley. 

liy I. J. B. Bl.OM, M.Sc., Ph.l)., D.I.C., Research Officer, 
Dejiartnierit of Bio( liemistry, Onderstepoort. 


Tiik literal ure relatin^^- to the problem of iodine metab<jlism with and 
without regard to deficiency diweases has been reviewed so com})re- 
hensively in re<*ent years that a general discussion will not be 
attempted in this paper, (inly work having a direct bearing will be 
considered. Von Fellenberg (192()), McCleridon (192T), Scharrer 
(1928), and Orr and Leitch (1929) have all given full accounts of the 
existing literature, while Hercus and co-workers (1925, 1927, 1981) 
published valuable information regarding the problem of endemic 
goitre in New’ Zealand. 

In Sw’itzeiiaiul Yon Fellenberg found an inverse relationship 
between the iodine content of foodstuffs and the incidence of goitre, 
and this has been confirmed by McClendon in America, and Hercus 
and (o-w’orkers in New’ Zealand. Orr and co-w’orkers, how’ever, were 
unable to trace any definite i*.orrelation between the level of iodine in 
drinking-water and foods and the incidence of goitre in the British 
Isles, but judging by the role of iodine in the treatment and preven- 
tion of the disease they surmise that deficiency of iodine may have a 
causal relationship to overgrowth of the thyroid. Schefter (1982), 
on the other hand, believes that w’hile deficiency of iodine may be a 
contributing factor for the development of goitre, there are other and 
|>erhaj)s more important coiivstitutional factors. 

OUTLINE OF THE INVESTIGATION. 

Follow'ing a report in 1929 by the medical officer of health for 
the Union, “ Endeiiiic Goitre in the Komgha A^alley, Uniondale 
Distri(*t ” the Senior Chemist in charge of the Government Chemical 
Laboratories, Pretoria, obtained samples of w’ater, vegetation and 
foodstuffs from this area for analysis. Unfortunately this program 
could not \ye carried out and nothing further w’as done until the 
j)re8ent investigation was started. 

In his report the medical officer mentions the high imddence of 
goitre in some of the valleys on either side of Langkloof, especially in 
the neighbourhood of Joubertina. The inhabitants of some of these 
valleys were medically examined and the following figures taken from 
the report represent the positive goitres encountered : — 


Hoeree Valley 79% 

Children at Kleinrivier school 93% 

Children at Krakeel school (>9%, 
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At Joubertina Secondary School no obvious goitres were 
encountered except in the case of those pupils whose homes are in the 
valleys where goitre occurs. 

It was decided to visit these valleys personally to collect samples 
of food in order to safeguard against iodine contamination in transit. 
The tour was undertaken in September, 1932, so that samples of leafy 
vegetables and grass could be obtained in an immature stage. 

Two of the goiterous valleys? — Hoeree and Kleinrivier — were 
visited. They run more or less parallel to each other and at right 
angles to Langkloof . They lie between longitude east 24^ and 24^ 16' 
and latitude south 33® 40' and 33® 60'. The Langkloof Valley lies 
along the course of the Kouga River between the Kouga and Lang- 
kloof Mountains near the south coast of the Cape Province, and 
stretches from George District through Uniondale District to 
Humansdorp District for approximately 100 miles. Both the Hoeree 
and Kleinrivier streams originate in the Kouga Mountains and are 
tributaries of the Kouga River. The geological formation is Table 
Mountain sandstone. Entrance to the valleys is along the river beds 
and in times of flood these roads are impassable and communication 
with the outside world is cut off. 

The valleys are very narrow, the sides precipitous and about 1,500 
feet high. Furthermore, they extend north-south so that some of the 
dwelling-houses only have a few hours sunshine daily. The 
inhabitants are extremely poor and are dependant on the produce 
grown locally for their food, exc^ept meat, which is obtained from the 
joubertina butchery when the necessary funds are available. Meat, 
however, is considered a delicacy and is available only about once or 
twice a monih. On the whole very little green vegetables are eaten. 

The daily diet is made up as follows : — 

Breakfast , — Black coffee usually without sugar with dry bread 
and wheat nieal or mealie meal porridge, very often with- 
out the addition of milk or sugar. 

Dinner , — Bean or potato sotjp, samp or potatoes depending on 
the variety of soup, dry bread and coffee. The soup is 
usually prepared without the addition of meat or meat 
extract. 

Supper , — The food left over from the previous meal is 
consumed in the evening. 

This menu clearly demonstrates that a very large precentage of 
the diet consists of starchy food and the main sources of proteins are 
beans, wheat, meat and eggs, the latter two only eaten occasionally. 
Very little, if any, leafy vegetables are eaten and the children jirefer 
bread and dripping to greens. Oranges and mandarines are grown 
to some extent and these are relished while the season lasts. It is 
interesting to note that this diet corresponds closely wdth that 
described by Bodnar and Straub (1930) for the inhabitants of 
Bodahegykdzseg in Hungary, where the incidence of goitre amongst 
children at school is 82 per cent, 

SamjAes of water, food, pasture and soil were collected from the 
iwo valleys and transported to Onderstepoort where the samples of 
food and pasture w^ere dried in the shade and prepared for analysis. 
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Billing May this year Mr. Du Toit, the Extension Officer at 
Hiimansdorp kindly collected some more samples of foodstuffs from 
Hoeree and Kleinrivier and also from Twee River, a non-goiterous 
valley in the neighbourhood of the other two valleys. These samples 
represent the crop for the 1932-1933 season. For comparative 
purposes samples of foodstuff's were obtained from different parts of 
South Africa where endemic goitre is unknown. The food was pro- 
duced in the areas stipulated and should not be looked upon as 
market samples. 

The results are given in Tables I to V, together with some figures 
taken from ilie literature. They are summarized in Table VI. 

TABLE I. 

Iodine Content of Efjgs. 


Origin of Sample. 

Nature of Area. 

Iodine expressed as y per 
100 gm. fresh weight. 

r Hoeree 

G 

5‘2, 4-8, 4'6. 

Joubertina < Kleinrivier 

G 

41, 41. 

l^Tweerivier 

NG 

10-5, 9-7. 

Graaff-Reinet 

NG 

31, 31-5, 51. 

Montagu 

NG. 

10-2. 5-3, 12-7. 

Louis Trichardt 

NG 

8-6, H O. 13 0, 18-2. 

Pretoria, Onderstepoort 

NG 

5-9, 71. 

Pretoria 

NG 

3 ». 5 5, 6 0. 7-0, 8 0. 

Pretoria, X’yramid 

NG 

61, 7-2, 7-5. 


From Literature. 

Ini^esHgator. 

Switzerland 

NG 

21-5 V. Fellenberg (1923 & 1924), 

Switzerland 

G 

8*0, 14*7 V. Fellenberg (1923 



and 1924). 

Europe 

Market samples 

1-2, 2-2, 2-7 V. FeUenberg (1923 


and 1924). 

Kew Zealand 

NG, Average of 18. . 

13' 7 Her^'iis and Roberts (1927). 

New Zealand 

G. Average of 20. . . . 

5' 6 Hercus and Roberts (1927). 

Scotland 

N.G. Average of 41 . . 

10-2 Orr (1930). 

Scotland 

G. Average of 15 

8-6 Orr (1930). 

England 

Low incidencjc 

6-9 Orr (1930). 

Average of 50 

High incidence 

8*5 Orr (1930). 

England 

Average of 52 



G. represents Goitre area and N.G. areas where endemic goitre is unknown. 
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tablp: II. 

Iodine Content of Potatoes. 




Nature 

Water 

Iodine expressed as y per 100 gm. 



of 

Content 



WriKllJ Ul 





Area. 

% 

Fresh 

Weight. 

Dry Weight. 


fHoeree <1929) 

NG 



113, 111. 


Hoeree (1929). . . . 

O 

— 

— 

104, 107, 113, 113. 


Hoeree (1932).... 

G 

79 

3-3, 4*2 

15*7, 20*0. 

Jouber- 

Hoeree (1933) 

G. 

77-7 

28*3 

127*0. 

tina 

Kleinrivier (1929) 

G. 

— 

— 

79, 82*5, 85. 


Kleinrivier (1932) 

G. 

75 

4*9, 5-8 

19*6, 23*2. 


Kleinrivier (1933) 

G. 

78-9 

34*3 

163*0. 


Twee River (1933) 

NG. 

78-2 

27-8 

127*3. 

Graalf Reinet 


77 

17*3 

75-2. 

Montagu. 



73*8 

8*7 

33*2. 

Pietersburg 


78 

21*6 

98*2. 

Machadodorp 


75-3 

5*5 

22*3. 


C Pretoria North. . . 

*» 

80-5 

2*9 

14*9 . 


Silyerton 

*9 

78-2 

3*0, 3*1 

13*8, 14*2. 


Daspoort No. 1 . . 

*9 

80-4 

20-6, 16-4 

105, 84. 

I^retoria 

Eerste Pabrieke. . 


78*5 

19*6 

91*2. 


Pyramid 


79*6 

15 

73*5. 


ElotTsdal 


78-4 

24*5 

113. 


Daspoort No. 2. . 

♦ » 

77*8 

2*9 

13*1. 

Pretoria District 

1 99 

77*0 

21*5 

93*5. 



From L 

iteraiure. 


Invetftigfilor, 

Hungary. 


G. 

— 

8*35 

Scheffer (1932). 

Hungary. 


NG. 

— 

1*5 

Bodnar and Straub 






(1930). 

Hungary. 


G. 

— 

0*5 

Bodnir and Straub 

Austria. . . 





(1930). 


Market 

sample, 

Vienna 


1*0-18 

Mayhofer, etc. (1932). 



New Zealand 

Market 


1*0, 2*2 

Hercus and Rol>erts 

Germany. 


sample 

Market 

80*9 

5*0 

(1927). 

Scharrer and Schwai- 

Scotland. . 


sample 

NG. 

Average of 
5 samples 

9*6 

bold (1928). 

Orr. 

England. . 


Low 

Average of 

10*0 

Orr. 



incidence 

10 samples 



England. . 


«Ugh 

Average of 

10*3 

Opr. 



incidence 

7 samples 





TABLE III. 

Iodine Content of Wheat 


I. B. BIX)M 


Origin of Wheat. 

Nature 

of 

Area. 

Water 

Content 

o/ 

/o 

Todine expressed as y per 100 gm. 

Fresh Weight. 

Dry Weight. 


fHoeree (1929).... 

G. 



10* 1, 10*5, 11*0. 


Hoeree (1932).... 

G. 

11-7 

K-.'S, 9*2. 9*6 

9-6, 10-4, 10-9. 

Jou- 

Hoeree (1933) 

G. 

11-9 

4*3 

4*9. 

bertina ] 

Kleinrivier (1932) 

G. 

10*7 

h% 15 

16*8. 16*8. 


Kleinrivier (1933) 

G. 

12-0 

3*8 

4*2. 


Tweerivier (1933) 

NG. 

12*4 

3-8 

4*3. 

Graaif Keinot 

NG. 

9*.5 

3-3 

3*6 

Montagu. 


NG. 

10*9 

5-0 

5*6 

Lydenburg 

NG. 

10*6 

10*2 

11*4 

(?eres 


NG. 

10*3 

3-9 

4*3 

Ficksburg 


NG. 

9*8 

1-8 

2*0 

Pietersburg 

NG. 

11*3 

2*4 

2*7 

Pretoria. . 


NG. 

8*4 

31 

3*4 



From L 

ileratnre. 


Investigator, 

U.S.A 


Market 


4*8, 6*4 

V. Fclkmberg ( 1924 



sample 



2.) 

Canada. . . 



♦» 

— 

0-3, 2*6, 5*6 

V. Kellenberg (1923) 

South America 

♦> 

— 

0*2, 2*8 

f* ** 

AuHtralia. 


»» 

— 

1*9, 4*4 

>» »♦ 

Houmania 


»» 

— 

0*2. 2-8 


Switzerland 

«« 

— 

2*6, 2*7, 4*0 

». 

Wheat Flour Germany 

NG. 

— 

14*2, 9*5 

Bleyer (1926). 

Wheat Flour Germany 

NG. 

— 

9*3 

Bleyer (1926). 

Wheat Flour Hungary 

G. 

1 

12*0 

Scheffer (1932). 


TABLE IV. 

Iodine Content of Mealies. 




Nature 

of 

Area. 

j 

Water 

Content. 

% 

Iodine expressed as y per 100 gm. on. 

ungin oi sample. 

^ i 

Fresh Weight. 

Dry Weight. 

1 

r Kleinrivier (1932) 

G. 1 

10*3 

5*2, 5*2, 5*4 

5*8, 5*8, 6*0 

Jou- J 

1 Kleinrivier (1933) 

G. 

10*1 

3*8 

4*2 

bertina ] 

1 Hoeree (1933),.., 

G. ! 

11*1 

4*7 

5*3 


Tweerivier (1933). 

NG. 

12*0 

3*8 

4*3 

Graaff Reinet 

NG. 

11*3 

4*0 

4*5 

Montagu. , 


NG. 

10 5 

3 2 

3*6 

Pretoria District 

NG. 

10 8 

11 3 

12-7 

Pretoria District 

NG. 

8*7 

2*4 

2*6 

Pretoria District 

NG. 

8*0 

1*8 

2*0 

Heilbron. , 


NG. 

8*.5 1 

3*9 

4-3 

Pretoria. . 


Market 

sample 

8*1 

3*8 

4*1 

Pretoria. . 


I 

10*1 

2*4 

2*7 

Pretoria. . 



9*0 

1*9 i 

2*1 

Pretoria. . 


From L 

10*5 

iterature. 

3*3 

3*7 

Investigator. 

Italy 


Market 

sample 

— 

1*2 

V. Fellenberg 
(1924. 2). 

Germany . 


1 

12*9 

9*0 

Soharrer and 
Schwaibold 
(1928). 
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TABLE V. 

Iodine Cont&nt of Dry Beans, 


Origin of Sample. 


{ Hoeree (1932) 

Hoeree (1933) 

Kloinrivior (1932) 
Kleinrivier (1033) 
Tweerivior (1933) 

Graaff Heine t 

Montagu 

Ceres - 

Western Cape Province 

Hylands Natal 

Pretoria 


Nylstroom 

“ vSoya beans ” Hylands Natal 


Hungary 

U.S.A 

Hungary 

Switzerland 

Austria 

Germany 

Soya beans,’* Germany, , . . 


Nature 

of 

Area. 

Water 

Content 

% 

Iodine expressed as y per 100 gm. 

Fresh Weight. 

Dry Weight. 

G. 

11-3 

6 0, 5-3. r>*7 

6-6, 6-0, 6-4 

G. 

11*8 

4‘6 

5'2 

G. 

11-8 

3-4, 4 0, 4-4 

3*9, 4-5, 6*0 

G. 

111 

3-2 

3*6 

NG. 

10-9 

4*7 

5-3 

>> 

9*3 

7*6 

8-3 

*» 

11-2 

6-7 

7-5 

>* 

9-7 

71 

7*9 

*» 

9*5 

6-7 

7*4 


8*5 

5-8 

6*3 

♦♦ 

9*5 

61 

6*7 


8-5 

1*96 

21 


5-9 

3*6 

3-8 

From L 

Herat ure. 


Investigator, 

G. 



26*4 

Scheffer ( 1932). 

G. 

— 

2*9 

McClendon A Hath 
(1924). 

NG, 

— 

0-8 

.BodnAr & Straub 
(1930). 

G. 

— 

2*5 

V. Fellenberg 
(1926). 

Market 

— 

3*9 

Mayrhofer, etc. 
(1932). 

Market 

19-5 

9*0 

Scharrer & Schwai- 
bold (1928). 

Market 

11-2 

170 

Scharrer & Schwai- 
bold (1928). 


TABLE VI. — Summary of Results. 

Iodine expressed as y per 100 gm. fresh weight of eggs and per 
100 gm. dry weight of other .foodstuffs. 


Foodstuff, 

Goitre free areas. 

Goitre 

areas. 

Range. 

Average. 

Range. 

Average. 

Eggs 

3-9-451-0 

13-2 

4- 1-6-2 

4-6 

Potatoes 

13- 1-127-6 

66*4 

16-7-162 

90-3 

Wheat 

2-0-11-4 

4-7 

4-2-16-8 

9-3 

Mealies 

2-0-12-7 

4-9 

4-2-60 

6-2 

Dry Beans 

2- 1-8- 3 

6-2 

3-6-6-4 

6*0 
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One of the main essentials in a study of the relationship between 
the iodine content of foodstuft's and the incidence of goitre is the 
existence of isolated endemic goitre areas where the inhabitants are 
dependent on the produce grown locally. These conditions usually 
only prevail in the (;ase of small islands and valleys not easily 
accessible. Small inhabited islands, however, are usually free from 
goitre and the modern methods of transport leave few valleys 
inaccessible. (U)nsequently a large amount of the food consumed in 
goitre areas can be procured from somewhere else and, although 
locally grown samples are collected, they may not represent the food 
of the inhabitants. 

(ieographically the Hoeree and Kleinrivier V^alleys are practical- 
ly iiiaccjessible, and as the inhabitants are very poor, they are for(*.e<l 
to rely on the produce grown lo(;aIly for their existen<*e. The high 
incidence of goitre prevailing in these valleys naturally makes them 
ideal goitre areas from which to collect samples of food for iodine 
analysis, (kmscijuently, it was anti(*ipated that, if goitre is due 
primarily to deficdency of iodine, it would be possible to tiace some 
relaiioiiship between the iodine content of food and the o(*.curreiice of 
goitre. 

Tables 1 to V show’ that no such relation exists. The only food- 
stutts of w’lii(-h the iodine content is low'er for the goitre areas than 
that for the other areas are eggs and dry beans, but thivS dilferenee 
is more than <*ompensated for by the high iodine content of potatoes 
and wheat, w'hich form the staple diet of the inhabitants. In normal 
areas also, siudi w’ide variations are encountered in the iodine t*onteTit 
of ])ota1oes, eggs, and beans, that the occurrence of goitre cannot be 
ascribed primarily to the lower iodine (‘.onleiit of eggs and beans 
obtained from the valleys. 

The iodine content of plants is dependent on various factors, e.g. 
the amount and state of the iodine present in the soil, climatic con- 
ditions and perhaps the variety of a ])artieiilar type ot ])lant. It is 
not know’ll to what extent these different factors contribute to the 
fixation ot iodine by the plant. Possibly the iodine content is also 
governed by the stage of growth in a manner similar to that obtained 
in the case of glass wliich is devscribed in the following ])aper. Some 
W’ork has already been done in this connexion, but the results do 
not w’arrant any definite (*unclnsion at this stage. 

It is interesting to note that, although very wdde variations are 
met wdth in the case of potatoes and w’heat, the iodine present in dry 
beans and mealies remains fairly constant. Only one sample of 
mealies w’as found to be high in iodine and this sample was collected 
before maturity was reached. 

SUMMARY. 

Iodine was determined in Nfoodstufts from different parts of 
South Africa including those from endemic goitre areas in the 
ITniondale district, and such widely differing results were obtained 
that no fixed relationship could he established between the iodine 
content of foodstuffs and the incidence of goitre. 
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Studies in Mineral Metabolism XXX. 


Variations in the Iodine Content of Grasses 
at different stages of Growth and a 
note on the Iodine Content of Milk. 

By f. J. B. BliOM, M.Sc;., Bh.D., D.I.O., Beseairh Officer, 
Department of Bio(*hemistry, Oriderstepoort. 


Maxy aiumialoius results re^ardin^* the iodine content of plants are 
encountered in the literature. These cannot be attributed solely to 
exi)erimental errors, and it seems quite feasible that, like some of 
the other more ('oininon elements, the iodine present in plants and 
vegetables may vary at ditferent stages of growth. 

Von Felleiiberg (192()) reported on the seasonal variations in 
the iodine present in plants. He analysed the leaves obtained from 
//cl tanih UM fuhero.^vs at dilferent times of the year. The leaves were 
collected on the I8th September, 4th December and drd March the 
following year, and the iodine <*ontents expressed in ys per 100 grams 
dry weight were 12*5, 71*5 and 44*5 res])e(‘tively. Similar 

variations were observed in the case of leaves from Beech trees. 
Leaves collected in May contained l*d y, those collected in August, 
Id *8, while the former year's leaves contained 10*7 y iodine per 100 
grams calculated on the dry weight. 

Prior to the cominenceiiient of the present study, experimental 
grass plots were established at Onderstepoort for another investiga- 
tion. At the end of January, 1932, the grasses were firmly 
established and all the plots were cut and then allowed to grow 
freely. A portion of each plot was cut at monthly intervals so that 
samples were obtained representing the grass at stages of growth of 
1, 2, 3, etc., up to 12 months. These samples were dried in the 
shade, finely ground and the iodine determined. 
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The rainfall in inches recorded at Onderstepoort for the twelve 
months was as follows : — 


February 

4-8 

inches. 

March 

21 

j j 

April 

0-8 

9 y 

May 

0-2 

9 » 

June 

nil 

J 9 

July 

nil 

99 

August 

nil 

99 

September 

0-9 

99 

October 

1-8 

9 ? 

November 

2-6 

9 9 

December 

3-5 

9 9 

elanuary 

1-5 

9 9 


In the following tables descriptions of the samples as well as 
their iodine contents at different stages of growth are given. 


TABLE I. 

Species: Panicum maximnnh. 


Stage of 
Growth in 
Months. 

Description of Sample. 

j Iodine Content 
Expressed as 
y % on the 
Dry Weight. 

1 

Green, with flower heads 

26-5 

2 

Green, seeds falling out * 

26 

3 

Mixed, mainly green, seeds falling out 

14-5 

4 

Mixed, seeds fallen out 

15 

5 

Mixed, mainly brown, seeds fallen out 

16 

6 

Brown, seeds fallen out 

16-6 

7 

Brown, seeds fallen out 

21 

8 

Mixed, mainly brown, seeds fallen out ‘ 

31 

9 

Mixed, new flower heads present 

20 

10 

Mixed, mainly green, new flower heads present 

22-4 

11 

Mixed, mainly green, with flower heads 

12 

12 

Mixed, mainly green, seeds falling o\^t 

16 


TABLE II. 

Species : Themedra triandra. 


Stage of 
Growth in 
Months. 


Iodine Content 

Desoidption of Sample. 

I 

Expressed as 

V % on the 
Dry Weight. 

1 

Green, with flower heads 

14 

2 

Green, with flower heads 

14 

3 

4 

Mixed, mainly ^een, seeds falling out. 

Mixed, seeds falling out 

10-6 

18-5 

5 

Mixed, mainly brown, seeds falling out 

26 

6 

Brown, seeds fallen out. 

23 

7 

Brown, seeds fallen out 

26 

8 

Mixed, mainly brown, seeds fallen out 

61 

9 

Mixed, mainly brown, new flower heads present 

Mixed, new flower heads present. 

35 

10 

37 

20-6 

M 

Mixed, mainly green, with flower heads 

Mixed, with flower heads. 

12 

16 
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TABLE III. 

Species : HJvif^nchelythrum roseum. 
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Stage of 
Growth in 
Months. 

Description of Sample. 

Iodine as y % 
calculated on 
the Dry Weight. 

1 

Green, with flower heads 

20 

2 

Green, seeds falling out 

16-S 

3 

Mixed, mainly green, seeds falling out 

0 

4 

Mixed, seeds falling out ! 

16 

6 

Brown, seeds fallen out 

19 

6 ! 

Brown, seeds fallen out 

25 

7 1 

Brown, seeds fallen out 

32 

8 

Mixed, mainly brown, seeds fallen out 

35 

9 

Mixed, mainly brown, new flower heads present 

:i9 

10 

Mixed, mainly brown, new flower heads present 

22 

11 

Mixed, mainly brown, with flower heads 

33 

12 

Mixed, mainly browm, seeds falling out 

28*5 


TABLE IV. 


Species : (> y mhopogoii plurinodis. 


Stage of ^ 
Growth in i 

Months. 1 

1 

Description of Sample. 

Iodine as y % 
calculated on 
the Dry Weight, 

1 

Green, with flower heads 

15 

2 


13 

3 

Mixed, mainly green, seeds falling out 

12 

4 

Mixed, mainly brown, seeds falling out 

22 

5 

Mixed, mainly brown, seeds falling out 

.30*5 

6 

Brow'n, seeds falling out 

36 

7 

Brow'll, s<ieds falling out 

22-5 

8 

Mixed, mainly lirow'n, seeds fallen out 

31 

9 

Mixed, mainly brow'n, seeds fallen out 

16 

10 

Mixed, new' flower heads present 

24-5 

11 

Mixed, with flower heads 

28-5 

12 

Mixed, mainly green, w‘ilb flower heads 

1 

8 


TABLE V. 


Species: Urochloa pullulans. 


Stage of 
Growth in 
Months. 


Description of Sample. 


Gr<»en, with flower heads -I^Lea^ves 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Green, seeds falling out 

Mixed, mainly green, seeds falling out. 

Brown, seeds fallen out • 

Brown, seeds fallen out 

Brown, seeds fallen out 

Brown, seeds fallen out 

Mixed, mainly brown, seeds fallen out, 

Mixed, seeds fallen out 

Mixed, new flower heads present 

Mixed, with flower heads 

Mixed, mainly green, seeds falling out. 


Iodine as y % 
calculated on 
the Dry Weight, 


8-2 

11 

8 

6 

14 

16 

17 

20- 5 
24*5 

30 

21 

21- 5 
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The monthly samples obtained from three other plots were 
di voided into stalks^ leaves, and tops. The tops represented the 
flower heads at different stages of development and as these usually 
formed only a small fraction of the total weight of the samples, 
iodine determinations were carried out on only a few of these flower 
heads. 


TABLE VI. 


Species : Hyparrhenia hirfAZ, 


Stage of 
Growth in 
Months . 

Description of Sample. 

Fraction. 

Air-dried 
Weight in 
Gm. 

Iodine in 
Fraction as 
y % on 

Dry Weight. 

1 

Green, with flower heads 

Stalks. . . 

90 

4*2 



leaves. . 

200 

11 



Flowers.. 

17 

24 

2 

Green, with flower heads 

Stalks. . . 

740 

3*8 



Leavers . . 

,540 

14 



Flowers.. 

202 

29 

3 

Green, mainly green, seeds falling out 

Stalks. . . 

720 

Nil. 



Leaves . . 

620 

17 

4 

Mixed, set?d8 falling out 

Stalks. . . 

1,015 

Nil. 



Leaves. . 

512 

20-5 

5 

Mixed, mainly brown, seeds falling oat 

Stalks. . . 

905 

6-2 



Leaves . . 

.543 

26*5 

6 

Brown, seeds fallen out 

Stalks. . . 

788 

6 



Leaves. . 

490 

! 28 

7 

BroAii, seeds fallen out.. 

Stalks. . . 

1,010 

4 



Leaves. . 

.590 

28 

8 

Mixed, mainly brown, seeds fallen out 

Stalks , . . 

620 

10 



Leaves . . 

415 

28 

U 

Mixed, mainly brown, new flower 

Stalks. . . 

420 

11-5 


heads present 

Leaves. . 

240 

34*6 

10 

Mixed, new flower heads present. . . . 

Stalks. . . 

745 

10*6 



Leaves . . 

415 

41 

]1 

Mixed, with flower hf^nds 

Stalks. . . 

925 

12 



leaves . . 

875 

26 



Flowers.. 

300 

34-6 

12 

Mixed, seeds falling out 

Stalks. . . 

1,567 

12 



Leaves. . 

1,155 

28 



Flowers.. 

577 

16 
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TABLE VII. 

Species: Aviphilophis insculpta. 


Stage of 
Growth in 

Description of Sample. 

Fraction. 

Air-dried 
Weight in 

Iodine in 
Fraction as 
y%oa 
Dry Weight, 

Months. 


Gm. 

1 

Green, with flower heads 

Leaves . . 

330 

10-8 

2 

Green, seeds falling out 

Stalks. . . 

290 

Nil. 


Leaves . . 

380 

Trace. 



Flowers.. 

90 

15-2 

3 

Mixed, mainly green, seeds falling out 

Stalks . . . 

420 

Nil. 


Leaves . . 

570 

Trace. 

4 

Mixed, mainly brown, seeds fallen out 

Stalks. . . 

565 

6-5 


Leaves . . 

572 

9 

5 

Brown, seeds fallen out 

Stalks... 

516 

6*5 



Leaves . . 

439 

11 

0 

Brown, seeds fallen out 

Stalks. . . 

290 

8-6 



1 Leaves . . 

305 

25-6 

7 

Brown, seeds fallen out 

i 

i Stalks . . . 

500 

19-6 



Leaves . . 

486 

32-6 

8 

Mixed, mainly brown, seed fallen out 

Stalks. . . 

270 

11-0 


Lt»avo8 . . 

185 

40 

9 

Mixed, mainly brown, new flower 

■ Stalks... 

— 

70 


heads present 

1 Leaves . . 

— 

40 

10 

Mixed, new flower heads present 

Stalks. . . 

400 

16 


Leaves. . 

425 

36 

11 

Mixed, mainly green, with flower heads 

Stalks. . . 

1 600 

i 22 


Leaves . . 

1,290 

33 

12 

Mixed, mainly green, seeds falling out 

Stalks. . . 

1,260 

6-5 


Leaves. . 

1,674 

26 
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TABLE VIII. 

Species : Eragrostis superba. 


Stage of 
Growth in 
Months. 

llescription of Sample. 

Fraction. 

Air-dried 
Weight in 
Gm. 

Iodine in 
Fraction as 
y % on 
Dry Weight. 

1 

Green, with flower heads. 

Leaves . . 


11-3 

2 

Green, with flower heads 

Total.... 

. - 

8 



Sample 



3 

Mixed, mainly green, seeds falling out 

Stalks. . . 

200 

Trace. 



Leaves . . 

180 

12-6 



Flowers.. 

90 

8 

4 

Mixed, seeds falling out 

Stalks. . . 

659 

4 



Leaves . . 

340 

10 

5 

Mixed, mainly brown, seeds falling out 

Stalks... 

366 

6 



Leaves . . 

320 

9 

0 

Mixed, mainly brown, seeds fallen out 

Stalks . . . 

370 

6 



' l^eaves . . 

230 

18 

7 

Brown, seeds fallen out 

Stalks. . . 

450 

6 



Leaves . . 

171 

16 

8 

Mixed, mainly brown, seeds fallen out 

Stalks. . . 

336 

15 



lA»ave8. . 

276 

31 

» 

Mixed, mainly brown, new flower 

Stalks. . . 

319 

15 


heads present 

Leaves . . 

356 

27 

10 

Mixed, new flower heads present 

Stalks. . . 

117 

20 



L(‘ave.s . . 

395 

29 

11 

Mixed, mainly green, with flower 

Stalks. . . 

957 

11*5 


heads 

Leaves . . 

1,056 

18 

12 

Mixed, seeds falling out 

Stalks. . . 

2,280 

11*5 



Leaves. . 

2,760 

13-5 


Graphical representations of the results (figures,!, TI and ill; 
show conclusively that there is an appieciable difference in the iodine 
content of the same species of grass cut from the same plot at 
different stages of growth. It is interesting to note that at the end 
of the third month, i.e. when the grass is turning brown, the iodine 
content is at a minimum. From then onwards there is a progressive 
increase, the amount of which varies for the different grasses 
analysed. In some cases this increase is of such an order that the 
iodine in the samples cut from four months onwards is higher than 
that of the first month. This fact appears to be very important for, 
as stated further on, several investigators find that the iodine content 
of thyroids shows seasonal variations which may bear some relation 
to the seasonable iodine content of the pasture consumed, 

* ]44 





jtfyiff ‘a 't •! 


I aia 





STCDIES IN MINERAL METABOLISM XXX. 

Fig. II. 








STUDIES IN MINERAL METAJJOLISM XXX. 


After the first rains in the spring there is a stage of active 
growth and the iodine content reaches a maximum about the eighth 
or ninth month. Beyond this stage the iodine content fluctuates 
but, in general, the trend is downwards so that at the end of the 
test, i.e, after twelve months the iodine is practically at the same 
level as at the end of the first month. The wide variations in the 
iodine content of grasses at different stages of growth are well worth 
recording. The iodine present in the composite sample is made up of 
that present in the various constituents, i.e. the stalks, leaves, and 
flowers or seeds or whatever remains after the seeds have fallen out. 
The weights as well as the iodine content of the different fractions 
vary from month to month and consequently the iodine present in 
the sample will vary accordingly. The results of the three grasses 
divided into fractions show’ that the leaves and flowers contain more 
iodine than the stalks. Hence the increase of iodine (‘ontent during 
the winter would depend in some measure on the relative quantity of 
leaves as compared wuth stalks in the stand of grass. 

The results are in close agreement wdth those of von Fellenberg 
on beech leaves. Hercus and Koberts (1927) in studying the seasonal 
variations in the iodine (*ontent of vegetable matter reported that the 
iodine concentration was at a maximum in autumn and winter and a 
similar increase in the autumn has been observed bv On* and Leitch 
(1929). 

It has also been established by (Jrr and otheis that the iodine 
content of the thyroid can be raised by the administration of small 
doses of iodine. Furthermore, it w’as showm by Martin (1912, 191d) 
and confirmed by Seidell and Fenger (1912, 191^1) that the iodine 
of sheep thyriods showed a regular variation w^ilh a maximiim in 
autumn and a minimum in spring. (Jrr naturally assumes that this 
is due to the variations in the amount of iodine pT'esent in the j)astuie. 

JJaw’barn and Farr (1932) inf a survey of the thyroids of about 
700 sheep in Australia found results in close agreement with those 
of Martin and others. Further evidence for the assumption of Orr 
was obtained by these authors who found that after a ])eriod of 
severe drought the iodine concentration in the thyroid w’as minh 
higher tlian during or after a good season. 

The w’ide variations in the iodine content of grass (‘olletded at 
different stages of growth and the consequent seasonable variations 
in the iodine concentration in the thyroid suggest that similar 
variations might be encountered in the case of foodstuffs. This has 
been established by Hercus and Roberts (1927) who obtained figures 
for beef ranging from 1*2 to 80 y per 100 gm. during a period of 9 
months and the iodine content of eggs was 6*4, 16*0 and 29 y per 
100 gm. respectively for three consecutive months. In order to obtain 
comparative values for the iodine content of foodstuffs, samples for 
analysis should be collected at the same time and at the same stage 
of growth or development. 
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The Iodine Content of Miek. 

During the course of the i)resent investigation iofline analysis 
were carried out from time to time on milk from cows in a nutrition 
experiment (du Toit, Malan and (xroenewald). All the cows were 
fed on the same di<»t with the addition of (*ertain mineral salts, all 
with either a trace or only a minute quantity of iodine in the form of 
an impurity. In addition to this bovine 8,677 was given 01 gm. 
potassium iodine daily tor a period of three years. The resulls are 
recorded in Table IX. The effect of the administration of iodine to 
bovine 8,677 is reflected in the high iodine content of its milk. 

TABLE IX. 


Bovine No. 


33a te of Sampling. 


Time of Sampling. 


Iodine ExpresHcd 
y per 100 e.e. 
Milk. 


:i040 

24.11.32 

:i040 

25.11.32 

:i«43 

25.11.32 

3645 

24.11.32 

3645 

25.11.32 

3649 

24.11.32 

3649 

25.11.32 

3655 

24- 11 •.32 1 

30515 

25.11.32 j 

3642 

21.11.23 1 

3642 

22.11.32 1 

3642 ! 

22.11.32 1 

3653 i 

21.11.32 ! 

3653 1 

22.11.32 1 

3653 i 

22-11-32 i 

3677 t 

24.11.32 ! 

3677 1 

25-11-32 ! 


Afternoon 

4-6 

Morning 

5-1 

Morning 

5-9 

AfitTnoon 

4-6 

Morning 

8-4 

Att-ernoon 

5 - 5 

Morning 

1-7 

Afternoon 

: 5-5 

Morning 

2-5 

-Afternoon 

4-5 

Morning 

i 3-1 

Afternoc»n 

1 2-6 

Afternoon 

I 6-7 

Morning 

6-7 

Afternoon 1 

1-7 

Afternoon ! 

107-0 

Morning 1 

51-3 


Another case worth recording is that of bovine 8648. This cow 
was treated for metritis and the uterus was douched with Lygol’s 
iodine on the KHh, 17th and 2()th October, 1982. The iodine content 
of tlie milk sampled after the treatment is given in Table X. 

TABLE X. 

Iodine Content of Mdk from hovine 8()48. 


Date of 8ampling. 


Iodine as y 

Time of Sampling. p(‘r 100 e.e. 

Milk. 


24.10.32 

25.10.32 

31.10.32 

31.10.32 

4 ]] 32 

Afternoon 

Morning 

Morning 

Afternoon 

Aftijrnoon 

6.11.32 

Morning. 

18.11. ' 39 ! !.... 

Afternoon 

21.11.32 

Morning 


121-0 

120-0 

70-4 

49-0 

9-6 

17-4 

0-7 

4-5 
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The iioii-protein portion of milk was next oousiderecl. The 
proteins were pre(d])itated by the addition of trichloracetic* acrd to 
the milk and iodine was determined in the filtrate. These result^, 
together with ihe total iodine preseni in the milk, are ^^iven in 
Table XI. 


TABLE XI. 





Iodine Expressed as 
y ptn* 100 c.e. Milk. 

Bovine No. 

Date of Sampling. 

Time of Sampling. 

Iodine 

Present 

in 

Filtrate. 

Total 

Iodine. 

3677 

19. 10.32 

Morning 

29-6 

99 

3677 

19.10.32 

Afternoon 

ir>-2 

62 

3677 

21.10.32 

Morning 

170 

64 

3677 

21.10.32 

Afternoon 

1 s • s 

83 

3677 

22.10.32 

Morning 

28-6 

86 

3677 1 

24.10.32 

Afternoon 

31-0 

39 

3677 ! 

1 25.10.32 

Morning 

31 0 

45 

3677 

27.10.32 

Afternoon 

1 39 • 2 

59 

3677 

2S. 10.32 

Morning 1 

1 24 • 5 

59 

3B42 ! 

24.10,32 

Afternoon 

121-0 ! 

1 121-0 

3642 

25.10.32 

Morning i 

1 

119-0 ! 

I 1200 

3640 

24.10.32 

Afternoon ' 

2-7 i 

5-6 

3649 

24.10.32 

Aft(^rnoon ' 

3-7 

9-2 

3655 

24.10.32 

Afternoon 

i 

4-3 

8-6 


It appears that in some <*ases all the iodine in milk is present 
in the non-protein portion but in others only a fraction of the total 
iodine is present in the filtrate and some of the iodine must be 
associated either me<*hanically or chemi(*ally with the proteins which 
are precipitated. 
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Chemical Blood Studies. 
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A. INTRODUCTION. 

In view of the tacit that there are no figures available for most of the 
org-anic coiistitiients of blood for any of the domestic animals under 
South African conditions and relatively few data from other 
countries, this research work was initiated. 

Many of the figures recorded in the literature are of little value, 
since they were obtained fiom a small number of animals, examined 
only a very few times and because as a rule no information as 
regards breed, diet, environment, etc., are stated, furthermore, the 
period over which blood was withdrawn was short — no serial 
analyses over any length of period (say' one year) having been found 
recorded. Also quite a number of figures present analyses of blood 
collected at slaughter houses and analysed after varying periods, 
usually several hours after withdrawal. Owing to the instability 
of most of the blood ( onstituents such figures must be regarded with 
caution. 

Since South African (conditions vary gjeatly as compared w^ith 
those of other (‘ountries in regard to variable rainfall, periodic 
droughts, and otliei' (‘liniati(' factors, these figures wdll be of c(jn- 
siderable value for comparative purposes, pai tiiuilarly as the same 
animals w’ere repeatedly^ bled during the various seasons. 

it may' be stated that this experiment was carrieHl out durijig a 
peiiod of exceptional drought, the rainfall being the minimum for 
the last 30 years for this area, and this may have inftuem'ed to wsonic 
degree the composition of <he blood. Of the influence of humidity 
and external temperature on composition i)ractically nothing is 
know’ II. 

Ill this series various other articles ((iraf, 1933) dealing with 
different infectious diseases of stock have been ])ublished, and it w^as 
felt that accurate “normal data were imperative for the purposes 
of evaluating the data in respect to w’hat could be regarded as 
“ pathological ” and wdud as “ normal ’’ In the articles referred 
to, analyses of blood were undertaken before infection in order to 
supply" a comparative basis, but, if once “ normal ranges ’’ for the 
various blood constituents have been determined, this procedure 
would largely be(*ome redundant. Analyses could then be under- 
taken at any time during the course of a disease and c.ompared with 
the “ normal range ’’.for any particular type of animal. In this 
arti(*le, how^ever, only the composition of sheep’s blood w"ill be con- 
sidered. 

The main purpose of the data is therefore to give such figures 
of healthy Merino sheep, under stated conditions as to provide a 
comparative basis for pathological conditions. A fixed ration (except 
tor an allowance of green feed during the summer) was adhered to 
throughout, except where otherwise stated. 

The following con.stituents have been determined : haemoglobin 
(Hb.), sugar, total nitrogen (T.N.), non-protein nitrogen (N.P.N.), 
urea nitrocen (TT.N.), total creatinine nitrogen (T.O.N.), uric acid 
nitrogen (TT.A.N.), and amino-acid nitrogen (A.A.N.). 
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It i« iiiteiuled to continue with the determination ot other con- 
Htitiients like ( lioleHterol, pigments, ammonia acid, etc., also 

])hysico-chenjical determinations such as viscosity, hydrof^en ion con- 
centration, sedimentation rate of cellular elements, etc., in order to 
obtain as extensive information as ])ossible on the normal com])osi- 
tion and jdiysical j)ropertieH of the blood of domestic animals. 

I'ive groups, arianged according to age and sex, were examined. 

The analyses were done over a period of 15 months in the case 
of a<Uilt slieep, and 11 mouths in the case of lambs, figures over a 
K'latively long ])eiiod of time being thus obtained. 

A satisfactory metJiod for the i)reparation of unlaked ” blood 
filtrates was })ul)lisbed by Folin (19d0), and because of the following 
reasojis, such filtrates together with tlie usual “ hiked ’’ blood 
filtrates were analysed : 

(1) To ac(|uire normal figures lor both filtiates in order always to 
lie able to com])are them with both “ hiked ” and “ unlaked ” 
figures juihlislied hy otlier research workers. 

(2) Kor (‘(unparing “ hiked ” with unlaked ", sime there may 
be great differences in flu* concentration of the constituents, in these 
two filtrat(*s. Tliis difference may be wliolely normal or possibly of 
pathological signific^ance (e.g. the difference betw^'en “ hiked " and 

unlaked " blood Avill not only be a result of the i)iescnce of dis- 
i iitegiat ion pioducts of tlie cells which may be fonned during the 
dissolution ot the cell, but also as a direct result of the constitution 
of tlie cells as fai as i‘onceuliation of the different constituents in 
the plasma and cell are concerned. In the case of the urea only a 
small difference befween the “ hiked ” and “ unlaked ” blood is 
noted and the view* that the urea concentration in (*ells and ])lasma are 
about the same, is thus strengt heiied. On the other hand, a difference 
of about Iff ])er c(‘nt. is noted in the sugar concentration in “ laked ” 
and " unlaked filtrates, laked ” (‘ontaining the higher figure. 
I’he explanation (‘an only be ascriheil to two factors viz. : (a) that 
tluough the hiking of the cells substaiues wdiicli may reaid with the 
sugar leageiit aie liberated, and (h) that the actual concentration of 
sugjir is higher in the cells. If (!) is not taken into consideiation it 
would be possible to <'ahulate the percentage sugar in tlie cells, 
jirovided, of course, that the cell volume is known.) 

(8) The " unlaked " blood analysis may prove to be more 
valuable, as more information beiomes available than the “ laked 
blood analysis, Wu (19;12), Folin and Svedberg (If)dO). 

B. TECHNIQUE. 

( a ) Akranoemknt of Giiorrs (A-E). 

Twenty-three sheep wore classified ai^cording to age and sex into 
the following groups: — 

Group A , — Six adult ewes. (Of this grou]) one died during the 
experiment, 2*3.9.;12 S. 2416^. Two more sheep were excluded from 
the experiment after 6 months: S. 24156 and S. 24160), 
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Group B , — Three young lambs born of the above ewes during 
the experiment (one excluded after 6 months, S. 33589). 

Group (J . — Three six-tooth ewes. Two excluded after 6 months, 
S. 22204, S. 25142). 

Group D , — Six ewe lambs (one excluded after 6 months, 
S. 29471). 

Group E , — Five six-tooth wethers (two excluded after 6 months ; 
S. 31062 and S. 31905). 

In order to kee]) the environmental conditions ihe same for all 
groups, all these sheep were permitted to run in the same camp and 
access to the same feed troughs and water supply. 

{h) Anthelminthic Tkeatmknt. 

All the sheep, except of course the lambs of grouj) B, were 
examined for worms (through the (Curtesy of Dr. H. O. Monnig) and 
showed only a very slight infection, chiefly of wurew’^orm {Haemonchvs 
contortus), On(‘e every month the animals w'ere dosed wdth (Govern- 
ment Wirew’orm lieinedy (see also 1st paper of this series). 

Length of Wool , — At the start of the experiment the wool was 
^ inch long. All the sheep except the three young lambs were shorn 
on the 8th February, 1932. 

Envinmmeut, — The sheep were kept thioughout in the same })en 
sufficiently large to permit of ample exercise. Shelter w^as available 
to provide i)rotection against the sun, wind, cold and rain. 

Rations , — The following ration wtis supplied: 1 lb. crushed 
mealies per sheep and dry grass ad lih,^ were supplied ut (>.30 a.m. 
Also dry grass ad ///;., at 4.30 ]),m.; green fodder ad lih. (wdienever 
available during the summer months), except from 24th December, 
1932, to the end of the exi)eriment. In addition, one oz. of salt ])er 
sheep was j>rovided on Thursdays. 

It was not considered of sufficient value to deteiiuine a(^curately 
the intake of food by each individual animal, since ihe })resent work 
is not so much comrerned with how the food influences the blood (Hun- 
position, but rather a study of the blood c!om])osition on a relatively 
fixed diet, as was pointed out before to provide normal figures as a 
basis for pathological studies. This system also furthermore ])ermits 
of seasonal variations in the normal composition of the blood, whether 
due to diet, environmental temperature, humidity, etc., or not, to 
be taken into consideration. It, therefore, allow^s for an accurate 
comparison of the figures obtained for the various constituents in 
health and during any particmlar infection. 

The weights of the animals recorded below their respective tables 
of data give a clear indication that the animals were in good condi- 
tion and progressed normally as far as increase in weight is (con- 
cerned. The food supplied was above a mere maintenance ration. 

In order to have a further check on the sitite of health of these 
sheep, they w^ere daily temperatured, and in no case was an abnormal 
reaction encountered. 
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(c) Methods oe Chemicai. Analyses. 

All the methods utilized and any modifications that were deemed 
adyanta^^eous have been fully recorded in the first paper of this 
series (Chemical Blood Studies I. See under “ Keferences ”). 

(d) Arrangement of Experimental Data. 

Complete tables of analytical data (“ laked ” and “ unlaked ”) 
for every sheep in a group together with Ihe weights and history are 
given for each group, followed by a discussion of every constituent 
for that particular groujj. 

The urea (40 0(5 per cent. ) uric acid per cent. JM ) and 

the total creatinine nitrogen (d7 per cent. N) are ex])ressed both 
as “ N ” and as such. The lowest <*olumn on the tables is the rest 
nitrogen, which was defermined by subtracting from the non-i)rotein 
nitrogen the xirea nitrogen, amino acid nitrogen, uric acid nitrogen, 
and the “ total ’’ creatinine nitrogen. As the rest -nitrogen is 
obtained by calculation, the figures are obviously not absolute, but 
are influenced by the limits of exj^eri mental error of the various 
fractions. 

In all five groujis this arrangement is adhered to. Thereafter 
a summary and comparison of the (*ombined groups is succeeded by 
tables showing a comjiarison of these data with those obtained by 
other workers, 

T^se is made of gia])hs to elmddate some points ((iraj)!! T, p. Kjr); 
11, p. 178: III, p. 18(); IV, p. 187). 

The Ibllowing abbreviations have been used, both in the tables, 
in the text, and on the grajdis: — 

L -. “ laked 

unlaked 
S = sheep. 

Hb -- haemoglobin. 

T.N.— Total nitrogen. 

N.P.N. J7on-j)rotein nitrogen. 

T' .]S . X^rea nitrogen. 

T.C.IN. Total creatiniiie nitrogen. 

XT. A. N. — Uric acid nitrogen, 

A.A.N. - Ainino-acid nitrogen. 

It.N. Rest-nitrogen. 

Av. = Average. 

t.l. too low to be determined color inieti ii^ally. 

No. “ number, 
detms. r:- determinations. 

dift*. difference, 

L ^\A.- “ laked ” grou]> A. 

“ L - ‘‘ laked ” group B. 

XT ^\A.-- unlaked ’’ grouj) A. 

“ XT unlaked group B. 

anal, and an =* analysis. 
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C. EXPERIMENTAL DATA. 

(a) Gtioup A, Tables (1-17), Gkaph I and Discussion of (thoui* A. 

Sheej. No. ir);i98. Table 1. 

,, No. 241.30, Table 2. 

No. 241.50, Table 3. 

No. 24158, Table 4. 

„ No. 24100, Table 5. 

,. No. 24103, Table 0. 
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♦ Includes uric acid N. 

Weights: 18.12.31 — 116 1b. 

22. 1..32 — 136t lb. 

8. 2.32 — lambed, lamb No. 33589, 



TABLE 2.— Sheep 24136 


CHEMICAL BLOOD STUDIES VI 


f 65?? 

ilSi 

a> 

L- 

<k 

? ? 

« ® 

« 9>J 


s s 

CO 

41 

1 I 

41 41 

ots. COSO 
t--iH 5050 

cb w kO 

©til r*o 

x»H 40k5 
tHiA tHH 

go eg 

w © 
kb kb 

0 41 

r* H 

cb 41 


(N 

N 

(■« (N 
at tD 

u 

5P 

N 

X CO 
kS >« 

»H vtt 

41 - 

tH Hi 
40 to 

M 41 

-•♦•41 H41 

(NO 410 

COCO COW 

tH iH 

tHH 1-450 

?? r? 

8 35 

•A H 

H H 
kA 41 

00 cb 

* ' 

‘h 8 
w d 

I i'i 

Sq2 

!M 

■xt* 

14 

CO 

e xf 

41 d 

'4 54 

5 b 

S 2? 

54 54 

-t tH 

? ? 
41 cb 

kCt Ot kA OS 
OSCO osco 

tbeo lb w 
tHCO tHM 

r-iO Ot*^ 
OH XH 

4HA HtA 

1 1 1 1 

0 0 

kb cb 

ill 

a 

? 

d 

at o 

(N O 

«c o 

■xB t 

>A 

X 

-B 

51 

•t l 4 
r-< -f 

1- 41 

X 50 

CO I'* 

41 41 

ifSO kA 
kAi^k COCO 

coi* 50 rs. 

040 flQ 
NtH 0 ^ 

(NO 41ib 

411 * X w 

4140 0(N 

1* kA 

CO w 

H H 

H 0 
H W 

cb 41 

* 

8 0 
d w 

29th 

June. 

1932. 

41 

X 

2 35 

«0 r- 
lO kO 

-f 

s 

CM 

41 Q 
!>• CO 

41 41 

41 rH 

i4 CO 
» 40 

41 41 

kA 41 

coco tHCO 

CO I- HX 

wg H® 

WO dkA 

1 1 1 1 

H 0 

Is. CO 

lA H 

J3 4;(M 

fH 

-t »0 
I'- 41 

CvJ xt 

't 54 

X 

'y 

X 

41 

W W 

•t OS 

'<!*l OS 

X X 

41 41 

1 1 

CCkA OtH 

41 lA iH(N 

HO HX 

41 lA H W 

(NiA Ot* 
(NO HH 

X X 

CO 0 

W (N 

50 41 

0 X) 

•A 50 

JS 

43 C $4 

S 5® 

Hs rH 

Oi 

fH 

^ « 

54 »0 

t S4 

>4 

I- 

OS 

41 

I 1 

1 1 1 1 

OH 40 CO 
XH lAH 

h»A hH 

OX XkA 

H lA HlA 

W X 

X H 

H W 

W X 

X 0 

H W 

1 1 

n s 

kb 50 

• A 0 
X H 

H (N 

ill 

2 

-t »ft 

X XH 

X 

41 

•<i> r-( 

0 I" 

CO tH 

Hi X 

»« kC5 

X X 

41 41 

kA H 

50© xo 

cots- 41CO 

lAO 00 
1* 1* HO 

HH H H 

OX H W 
Wh hh 

17th 

May, 

1932. 

X 

54 Ot 

54 

54 3 

54 54 

s 

OS 

41 

1.4 '■r 

i-< 01 

i4 0 

CO Q 
-f kO 

OS OS 

41 41 

!■- kA 

41X COO 

X CO 50 1'* 

CC41 kACC 
XO OkA 

HlA ' (N 

t* W 41 kA 

H kA H W 

41 

0 H 

•A H 

27th 

April, 

1932. 


krt OS 
o i--- 

41 14 

•t 54 

X 

41 

OS 

0 41 

I- 41 

i 1 

41 41 

His. lA 

i-o> eo(N 

lA tH IA*H 

Sf h8 

41iA H W 

Ol* 

"i 1 1 

8 g 

•A kb 

# 

W kA 
•A H 

W C 

’SSo'i 

III 

bi 

41 CO 

X 54 

C 41 
t 54 

I-. 

I'. 

X 

(M 

<fj 

w 41 

1- 

8 S 

X X 

41 41 

St* ©1* 

t-st ts.H 

0 OX 

HO HI* 

HH hW 

1 1 1 1 

w Q 

X © 

•A kA 

* ♦ 

41 X 
X X 

41 0 

_ 

W X 
W kA 

W H 

1-1 

44 

'4 »H 

I* 54 

54 54 

X 

0 

!'• 

(N 

I- CO 
C lO 

X Vf. 

C 50 

H H 

Is. is. 

41 41 

1H -f 

1*0 OtkA 

CO H 40H 

COH 410 
0»0 kAH 

41 kA hH 

H4I 

"2 II 

W 41 
X kA 

•A H 

•Ci '§ (N 

ix§ 

9i 

»f5 

41 

|2 

S' 

J'- 

41 

05 f-< 1 

50 1 

CO 1-1 

S 40 
ts. r- 

41 41 

WO xo 

HOS HO 

COH C041 
C »0 lA 41 

41 kA hH 

wx 500 
4140 hW 

d 0 

W 1* 

00 0 

! kb H 

•A H 
0 41 

W 

0 X 
X 0 

H 

1 

^ H 
0 41 

0 N 

0 (N 

22nd 

March. 

1932. 

2 

g n 

41 '" 

41 

lO ' 

rH 

a 2 

41 Ot 
41 41 

QC X 

W 41 

X 1* 

kAX W*!* 

i^kA r*iA 

! 

COH HX 
OHO |BI- 

41 kb H 50 

1 * 41 X kA 
HiA 0 41 

'0 '0 

1* I* 
H 0 

•A H 

ill 

X 

? f 

cb »4 
50 41 

? 

N 

^ g 

50 t4 
41 f-< 

40 CO 1 

X OS 
« CO ' 

41 41 j 

H kA 

WkA t*W 

Xt^ XX 

II II 

M H 

(N4e j . 

■ 0 1 ‘ 

Q W 
0 X 

•A H 


**< 1 

X x-l 
OS c 

cb Ot 

41 ^ 

41 

0 

1-* 

41 

CO OS 
•ft -f 

50 "In 

l-S X 
I- t-s 

41 (N , 

H OS 

OW 41X 

Wt* Wt* 
tHogi HOI 

lACD roo 
•AX 410 

414b 4140 

XkA 

11 

W 41 
X H 

•A H 

0 lA 
X X 

0 




eo 

ii\ 

U4 O 
OS X 

54 (N 

¥■ 

CO 

1 41 

X X 

u s 

41 1 

(N 41 I 

os hO 

coo coo 

ts. Is. CD 

THW tH W 

XO HH 
Ht* OkA 

4140 (NkA 

xw ot* 

H lA H H 

d " © 

W t* 

X 0 

H H 

•A 0 
41 0 

t* cb 


44 

41 S 

55 41 

“cC~ 

I'. 

41 

ICS !•» 
40 !<« 

t- kH 
rH tH 

TT 

W 41 

OS w 

4040 xo 

Wt* wx 

•040 410 

•AX XO 

4140 HH 

II II 

U 8 

H W 

« * 

cb IN 



J U> 


H? 


Hi] U> 

P P 

P P 

P P 

p p 


14 

|i 

r 

1 

is?'^ 

'^1 

f 

s? 

iKi 

i 

1 

: 

|o'^ 

r 

0 

it, it 

1 

: :i : ; 

’’S'* 

iiiii 

*. d 

sO*' 

^-< 1 ! 

tz;P,^U5P 

IP it 

0^ 

3 

1 

b® 

jt; 

I 

1 

1 


160 


rr 


II 




o I 

? . 

Baaeaaaia 

-|l I 11 I I I I 

tWMMCOMMSOW 

4,^. 

HvH(Ne4 93 9io)f-4<;M 


II 

£s 



V. ,T. HAMKESMA 



Sf) ITi. 

KK) m. 

93 1b. 

95 lb. 

transferred to trypanosome experiment 



TABLE 4.— Sheep 24158 
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TABT.E 5.— Sheep 24160 



85 lb. 

transferred to trypanosome experiment. 



TABLE 6.— Sheep 24163. 
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Explanation of (traphs I and IT. 

In ordei’ to emphasize the ])ercentaf^e variations of the various 
constituents (except haemoglobin, total nitrogen and sugar) both in 
the “ laked and imlaked ” blood filtrates over the whole period, 
nitrogen partition (uirves have been drawn, incorporating the monthly 
averages of all the different experimental data collected of a group 
as points for plotting the curves (Tables 7 to 17, 21 to 31). 


Such nitrogen jjartilion curves have only been drawn of groups 
A and lb As the curves of the other groups were found to show the 
same general tendencies, they were omitted. 
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Group A (adult ewes.) 


Table 7. — Haemoglobin (Hh.) gni. per 100 c.c. 


Sheep 

Wo. 

Wov. 

Doc. 

Jan. 

Fob. 

Mar. 

A pi. j 

May. 

June. 

Jnly. 

Aur. 

Sept. 

Oct. 1 

No\. 

Dec. 

Jan. 

15398 

15-6 

14-9 



13*9 

13-4 



17 3 


13 3 



14*6 

13*8 

24130 

12*3 

161 

— . 

— 

12 9 

14 0 

13*7 

13*6 

— . 

— 

10 9 

— 


15*4 

12*5 

24156 

13-8 

13-5 

— 

— 


16-4 

17*3 

— 

— 

— 

— 

— 


— 

—■ 

24158 

10*9 

17*7 

— 

— 

15-5 

— . 

UTt 

14-5 

14 n 

— . 

12 1 

— 


16 1 

16 6 

24160 

18-7 

13 B 

— 

— 

16-2 

— . 

18*3 


— 

— 

— . 

— 

— 

— 

— 

24163 

12*3 

13 9 

— 


14*4 

— 

14-5 

15 1 

15 4 

— 


— 

— 

— 


AV... 

140 

14*9 

— ; 

— 

14 8 

14 8 

irr6 

14*3 

16*0 


12 1 

i 

15 4 

14*3 


It is evident from the average haemoglobin figures pei* month of 
all the sheep, as well as from the monthly averages of individual 
sheep that there is no definite indication of a steady decrease or steady 
increase during the period. Plotted as a graph it would a])pear as 
a zigzag line. It may, however, be concluded that no seasonal 
variation in the haemoglobin content of blood takes place. 

Neser (1923), working with horse blood, drew attention to 
similar variations in his researches on the Percentage volume or 
count of red cells ” in one and the vsame horse examined over short 
periods. He referred more particularly to variations encountered in 
the same animal, at the same time, in different parts of the circula- 
tion (venous and capillary), but his results obviously also apply to 
differences foiyid in the same animal from day to day (in the absence 
of pathological conditions). (Vide also Ohemical Blood Ssudies IV.) 

Attention is drawn to the fact that Hb. figures at the beginning 
of the experiment were abnormally high or low. (See Tables 1, 5 
and 6.) 

The Hb. figures vary from 10-35 to 20*60 gm. per 100 c.c., the 
average of all the figures over the whole period of 15 months, being 
14*7 gm. per 100 c.c. 

The following table ilhn^trates the distribxition more clearly by 
showing the number of analyses falling into each particular grouj): — 


From 10-11 gm. jjer 100 c.c 2 

11- 12 gm, per 100 c.c 3 

12- 13 gm. per 100 c.c 10 

13- 14 gm, per 100 c.c 15 

14- 15 gm. per 100 c.c 22 

15- 16 gm. per 100 c.c 12 

16- 17 gm. pey 100 c.c 9 

17- 18 gm. per 100 c.c 9 

18- 19 gm. per 100 c.c 2 

19- 20 gm. per 100 c.c 0 

20- 21 gm. per 100 c.c 1 


39 per cent, of the determinations lie between 14 and 15 and 
58 per cent, between 13 and 16 gm. per cent. 
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Table 8. — Svf/ar (“ Lahed ”) vig, per cent. 


Sheep 

Xo. 

Xov. 

IJoc. 

Jan. 

Fel). 

Mar. 

Api. 

May 

June. 

July. 

Aug. 

Sept. 

Oct. 

Xov. 

Dec. 

Jau. 

1539S 

48*4 

4.5 0 



48-5 

45 5 



43 2 


.38 0 



491 

44-9 

24130 

311 

31 7 

— 

— . 

41 1 

40-3 

341 

47 0 

— 

— 

43-3 

— - 


42 0 

34-9 

24150 

40 8 

30-9 

~ . 

— , 

— i 

39 >4 

42-4 

— 

— 

— 

— . 

— 

— 

— 

— > 

24158 

42» 

410 


' — ■ 

52-5 

— , 

54-8 

47 9 

.51 0 

— 

43 9 

— 

— 

47 2 

41 2 

24100 

38*2 

41 5 

. 1 


44-5 j 

__ 

54 8 

— 

— 

— 

— 

— 

— 

— 

— 

24103 

38 3 

43 4 

— 1 


42-8 

— 

40-9 

43 4 1 

40 3 


— 

— 

*— 

— 

— 

Av.. . 

39 9 

i 

40* 1 1 

- : 

— 1 45-8 

1 

41 5 

44 4 

1 46*4 

46 0 

- 

41-9 

— 

— 

40 9 

40 4 

1 

1'^ 






: 




__ 


Table 9. — Sugar (“ U nlaked '’) mg, per cent. 


Sheep 

Xo. 

N-ov, 

Dec. 

i .Tail, j I'eb. 

i i 

j Mar 

j A pi. 

May. 

j June. 

Julv. 

Aug 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

16398 

36-8 

35 4 

1 

r ' ' 

! 40 3 

35 7 



34 1 


29 4 



30 5 

34*7 

24130 

20 9 

22 :i 

— 1 — . 

1 .35 0 

33-7 

30 8 

40 3 

— 

— 

40 0 

— 

1 — 

35 5 

31*4 

24150 ! 

34 8 

28 0 

— , 1 — 

j 

33 2 

32 0 

— 

. — 

— 

— 

— - 

— 

— . 

— • 

24168 j 

35 .5 

32 0 

- ! - 

i 43 7 

- . 

41-0 

40 4 

37 9 

— 

35*6 

— 

— 

39 9 

32*2 

24160 

33 4 

35 2 

— t - 

32 8 

— 

40 3 

— 

— . 

— 

— 

— 

— 

— 

— 

24103 1 

30 7 

35 1 

. : . i 

3.5 4 

— 

33 3 

.37*8 

30 3 

— 

— 

— 

— 

— 

— 

Av.. . 

33-9 

31*4 

_ I 

37 1 

[ 34 1 

35*4 

39 7 

35-7 j 

— 

35 0 

1 

”■ ! 

■ “ ! 

37*5 

32*6 


“ La keel ’’ filtrates, 
mill. -max. variation 
1^7-59-5 mg, jier cent, 
av. 4^1*3 mg. ])er cent, 
av. (lilf. mg. per eeiii 


“ Unlaked ’’ filtrates, 
min-max. variation 
I!) • t)-r)l • 3 mg. per eeii t . 
av. 30 '! mg. per cent. 


The following table indicates the distribution: — 

“ Laked ’’ filtrates, “ (hilaked ’’ filttates. 


mg, % Occurrence. mg. % Occurrence. 

25-30 1 15 -20 1 

30-35 9 20-25 0 

35-40 14 25-30 10 

40-45 31 30-35 34 

45-50 14 35-40 23 

50-55 9 40-45 12 

55-00 3 45-50 2 

5<l-55 1 


38 per cent, of tlie “ laked filtrate determinations lie between 
40 and 45 mg. per cent., and 73 per cent, between 35 and 50 mg. 
per cent., while 41 per cent, of the ‘‘ unlaked ” filtrate determina- 
tions lie between 30 and 35 and 83 per cent, between 30 and 45 mg. 
per cent. 

Comparison, 

The percentage difference of the laked and unlaked 
figures varies from 2*3 to 28*8 per cent., with the average difference 
of 8-2 mg. per cent. (43*3-35*1), i.e, the average difference is 19 per 
cent. 
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The ** laked blood sti^ar figures are always more than that of 
the “ unlaked filtrates. By (‘omparison of the two curves (graph 
III) it is clear that the percentage difference decrease gradually 
towards winter (except from Mar(*-h to May), because the sugar 
content increases and the difference in mg. per cent, remains about 
the same (see Tables 8 and 9). Note the course of tlje {*urves from 
September, 1982, to the end. 

The averages of sheep 24186 are exceptionally low and of 
S. 24158 exceptionally high. 

Total Nitrogen (T.N.). gm. per rent. 

The total nitrogen varies from 2*7 to 8*3 gni. N. per cent, with 
an average of 8-() gm. N. per cent. 

By comparing the different figures of each set of figures of each 
individual sheep, it is noticed that the T.N. remains fairly constant. 

The relation between the haemoglobin and iotal nitrogen is 
affirmed because usually the figures increase or de(*rease simul- 
taneously, e.g. on Table 1 (4.7.82) both lib and T.X. are high and 
on Table 2 (29.6.82) both are low. For individual differences com- 
pare Tables 2 and 8, those of 2 being low (e.g. 2*72, 2-66, 2-70, 
2-84 etc.), and of 4 high (e.g. 8*14, 8*15, 8 05, 8*08, etc.). 

Table 10. — Non-Protein Nitrogen mg. per cent, ‘‘ Laked 


Sheep 

Xo. 

Xov. 

Dec 

Jan. 

Feb. 

' Mar. 

Apl. 

May. 

June 

Julv. 

Au«. 

Sept. ! 

1 

Oft. 

! Xov. 

1 Oee. 

i 

Jan. 

1539s 

22-5 

30 0 



27 H 

20 9 





19 2 j 


1 

44 0 

' 21 5 

24136 

25 <2 

25-9 


— 

18 3 1 

174 

15 6 

18 5 

! 1 


17 1 1 

— 

1 — ' 

! 37 5 

21 8 

24156 

26*5 

31-5 1 

— 

— 

1 

25 9 

42 4 

— 

_ j 

1 «... 

— i 

— 

1 — 

— 

. — 

24158 

24*6 

27 9 


— 

26 3 


21 1 

25 5 

19 7 i 


20-8 1 

— 

1 

1 42 4 

29 8 

24160 

20-3 

22 6 

— 

— . 

30 0 

— 

23 0 

— 


1 — •• 

— 1 

— 

! — 1 

I — 


24163 

16*9 

31-9 


— 

24 5 

— i 

15 5 

16 8 

17 4 ; 


— 1 

— 

I 1 

— 

— 

Av.. . 

22 0 

28-3 

— 

-> 

25 '5 

22 2 

1 

19 5 

20 3 

i 

19 2 

1 

j 

19 1 i 

! 


- 

42 0 

25-3 


Table 11. — Non-protein nitrogen mg. per rent. “ Unlaked 


Sheep 

Xo. 

[ Nov. 

1 

Dec. 

Jan. 

Feb. 

Mar, 

Apl. 

May. 

June. 1 

July. ! 

1 

Aur. j 

Sept ! 

1 

Oet. : 

Nov. 1 

Dec. 

1 1 

Jan. 

1 

15398 

15 2 

24-8 



17 1 

12 9 



11 6 

"iri 

1.5 0 



36-7 

15-4 

24136 1 

19-8 

18-1 

— 

— 

12 4’ 

13 7 

11-4 

10-9 


1 

12*5 ! 



- 

1 31 6 

16 0 

24156 

11*4 

23-4 


— 


16-7 

15 6 



' 


i 

_ 



24158 1 

157 

21-8 

— 

— 

15 6 


12-8 

14 4 

12 1 



12 8 j 



! 33 4 

15 3 

24160 

14-2 

151 

— 



16*8 



13-8 










24163 

10 9 

1 23-9 

— 

— 

15 6 

— 

10 5 

11 3 

11 2 

- 1 

1 “** 


- 


— 

Av.. . 

14 5 

211 

— 


15 5 

14-7 

12-6 

12 1 

11 5 

— 

13 4 

t 


- 

34*3 

15-6 

— i 

' - — 



: 



: 

1 





' 


' ' * 



“ Ijuked ” filtrates. 

Minimum-maximum variation, 13-89-48-88, mg. % N. 
Average, 24*0, mg. % N. 

Unlaked filtrates. 

Minimum-maximum variation, 8 *72-89 *40, mg. % N. 
Average, 16*2, mg, % N. 

Average difference, 7*8, mg. % X. 
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The following Table iinlicaies the distribution: — 

“ Jjakcd filtrates . “ Unlaked filtrates. 


mg, % l\ Occ'wrrence, m^g, % N Occurrence. 

Below 10 Below 10 4 

15-20 2;5 10-15 4a 

20-25 29 15-20 21 

25-aO 18 Above 20 15 

Above aO B‘) 


ao per cent, of the ‘‘ Laked filtrate determinations lie between 
20-25 mg. per cent. N. 

81 per cent, of the “ liuked ” hltrale determinations lie between 
15-aO mg. per cent. 

52 per cent, of the “ ITnluked ” filtrate determinations lie 
between 10-15 mg. per cent. N. 

77 per cent, of the “ I’nlaked filtrate determinations lie 
betAveen 10-20 mg. per cent. 

dompanson . 

The diiferenee of the “ laked ” and “ unlaked ” figures varies 
from 11*5 to 54*0 with an average of a4 a % and an average 
difieienee of 7*8 in mg. % N (24-0-l()-2). 

Jt is clear from ({rapli IW that the percentage difference of 
A.P.N. iji tlie plasma and cells, increased towards the winter, 
because the gra])hs aie always about parallel when descending. This 
dift'erence in mg. % ^ remains about the same (December, 1931, 
25 %; July, 1932, 39 %)• fhe N.P.N. increases from November to 
December and reaches the minimum towards July. It changes not 
much towards September, but towards December (1932), when green 
fodder was again imduded in the ration the (xraph reaches the 
maximum, uhile in January when the green fodder was again 
excluded it declined again. Undoubtedly this change can partly, 
if not wholly, bo ascribed to the change in the ration from December 
(1932> to the end of the ex])eriment. But that the seasonal faetoi* 
may play a part, cannot at this stage of the experiment be definitely 
exeludecl, and this aspect is still under investigation. 

The iiidividual differeiiees are noticeable, e.g. S. 24156 which 
is high, mid S. 24163 which is low. 


T.^ule yZ. -l'rcu yiirogeti mg. % Jjuked 


Slieep 

No. 

Nov. j 

Die. 

; Jail 1 

Ffl». 

t Mar. 

1 A pi. 

1 

\ Ma.v 

■ Juno. 

July, 

Aug j 

Sopt 

1 

Oct. 

Nov. 

Hoc. 

Jail 

15398 

10^8 i 

15 2 : 

1 


5 7 

4 0 



30 

j _ 1 

3 4 



2& 0 

5*7 

24130 

10 7 1 

10 7 


. — 

5 9 

0 5 

3*3 

3 1 

— 1 

— i 

3-0 

— 

— 

15 9 

0-9 

24150 

7-0 

14 0 , 

1 

— 


8-1 

7-2 

— 

— i 

! — . 

— 

— 


— 

— 

24158 

8'4 

9 7 

- - 1 

— . 

0-9 i 

— i 

.3 9 1 

4 0 1 

5 2 1 


4 8 

— 

— i 

19 0 

8 2 

24160 

5 1 

0-2 ; 

__ 1 

— 

97 

— 

4 5 

— 

— j 

— „ 

— 

— 

— 


— 

24103 

4.1 1 

12‘6 ! 

■“ : 


0*8 

— 

3 0 

2 3 

3 2 j 

— i 

— 1 

— 

— 

! 

— 

Av.. . 

1 

/■I 

11-4 1 

— j 


7 3 

0 5 

4-3 

3 3 

1 

3 7 

1 

1 

1 

3 9 

— 

— 

20.« 

i 

0 9 
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The urea nitrogen varies from I So to Ul o mg. % N, with an 
average of all the figures over the 15 months of 7 ‘50 mg. % N. 

The following Table indicates the distribution: — 


rrtff. % N 
1-2 ... 
2-3 ... 
:i-4 ... 

4- 5 ... 

5- 6 ... 

6- 7 ... 

7- 8 ... 

8- 9 ... 
above 9 


Occurrence. 

. ... 1 
. ... 4 

. ... 14 
. ... 16 
. ... 8 
. ... 8 
. ... 3 

. ... 3 

. ... 15 


42 % of the determinations lie between 3 and 5 mg. % N. 

A table of the “ unlaked ” figures will differ very little from 
Table 12 because the amount of urea in the cellular and plasma 
fraction of the blood is practically the same. Consequently only one 
curve for Ihe “ laked ” and “ unlaked ” figures on (Jraph IV has 
been plotted. It must be stated, however, that w’ith a few exceptions 
ihe “ laked ” figures are usually slightly more than the “ unlaked ”. 
The symbols “ t.l.” (too low) indicate that the urea content was too 
low for accurate colorimetric readings to be taken, e.g. vide Table 1 
(8.7.32) and Table 6 (7.7.32). 

The maximum figure obtained for the “ unlaked ” filtrates is 
31 -53 mg. % N. 


Compari$on. 

The urea nitrogen curve on Graph IV approximately parallels 
the N.P.N. curves of Group A. On account of the fact that the urea 
nitrogen curves practically coincide, it is evident that the urea nitro- 
gen is approximately equally divided between the blood cells and 
plasma. 

Although the urea N and N.P.iV. curves are practically parallel, 
the urea N curve obviously is much low'er, and from this it is 
appareiit that the urea nitrogen percentage of the N.P.N. drops 
considerably from December (1931) to June (see Gra])h I and Table 
12). Concerning the change in Graph TV and conseciuently also on 
Graph I the same factor that is mentioned (diet) under the N.P.N. 
is applicable here. 

On Graph I the urea N percentage curves of the laked ” and 
“ unlaked ” blood filtrates are plotted. Although the urea IST 
(niff. %) of blood determined on the “ laked ” and “ unlaked ” 
blood filtrates are the same, the urea N calculated as percentage of 
the respective N.P.N.’s (in rag. %) for the two filtrates, differ, 
becarise the N.P.N. for the two filtrates differ (Table 10 and 11). 

^ percentage curve runs much higher than 
the laked ” urea N percentage curve, since the respective N.P.JT. 
(mg. %) is much lower. Note the individual differences (S 15398 
and S. 24163, see Table 12). 
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Table lf3. — Total ” C reatinine N mg, % (“ LaJced ”). 


Sheep 

No. 

j Nov. 

Dec. 

Jan. 

1 Fob. 

Mar. 

1 

Apl. 

I May. 

1 

June. 

1 July. 

1 

Aug. 

Sept. 

Oet. 

1 Nov. 

1 Dec. 

i 

Jan. 

1539S 

1-9 

2-6 

1 


2 2 

2 0 

i _ j 

1 

1 — 1 

21 


20 



1 ' - 

1 2 4 1 

2-4 

24180 

2-5 

20 



2 1 

1 9 

1-8 

2 .5 





2*3 

' 



2-0 

1-8 

24150 

1-9 

2 S 

1 — 

— 

— 

2 1 

1 2 1 













24158 

2-1 

— i 

1 — 

— 

21 

— 

! 1*9 

2-4 

2 85 



2 2 



j 

2>4 

2 2 

24100 

2 1 


— 

— 

20 

— 

2 1 

— 1 











24108 

1-7 

— i 

t — 

— 

1 9 

1 

1 7 

! 2 1 i 

1 1 

2 1 

— 

— 

— 

j 

i — 

— 

Av.. . 

21 

2-7 i 

1 

— 

2 04 

2 0 i 

! 

1 9 

2 8 

2 0 

— 

2 2 



2 8 

21 


Table 14 . — ToiaJ C reatmine M vig. % (*' U tilaked '’). 


Sheep* 

No 

Nov. 

iJee. 

j .Ian 

1 

Feb. 

Mar. 1 

Apl. 

j May. 

June 

Jul> 

Aiig. 

1 i 

s<‘pt, 1 Oct ; No\ . 

1 ' 

Dee. 

.Fan. 

15898 : 

1-5 

21 

! _ 


1 

1-8 ! 

1 .3 



1-4 


,. 7 ! - ! - 

1-9 

1*2 

24130 , 

1 9 

2 2 


— 

1 5 : 

1 4 

1 2 

1 7 





1 9 

1-5 

24150 1 

1 4 

»> o 





j 

1 0 

1 5 






I 1 



24158 ; 

1 8 i 


1 

-- 

1-5 . 


1-5 

18 

1-7 



1 7 — — 1 

j 1 9 

1-7 

24100 

ID ’ 



‘ — 

___ 

1 5 1 



1 7 1 

1 __ ! 

1 

; 1 



24108 

1*5 1 

- 

*“ , 

— 


— 

1 4 

1 5 

1-0 

1 i 

- j - : - 1 


- 

A^ ' 

1 0 ' 

1 9 

' ~ i 
1 

— ! 

1 <i 

1*5 

1 5 , 

1 

1 7 ' 

! 

1 0 

, 

! 

~ 1 

i 

1 1 1 

1 8 ; - i - 1 

• 1 . : 

1-9 

1-7 


“ La Led Filtiates, 

Miiiiuium-maxiimim variati(»B, l-411-2*88 mg. N ‘^o‘ 

Average, 2 14 lag. 'N %, 

UnlaLed ” Filtrates, 

Aliiiimiim-maxiBuiiii variation, *90-.^ 08 mg. N %. 

Average, 102 mg. N %, 

Average dillerence, () o2 m. (laked to unlaked). 

(\)at^parison. 

The dift'erence between “ laked ’’ and “ unlaked “ total ’’ 
(neatinine nitrogen lies bel^^een 2*1 and 48*9 % and the average 
difference is 24*5 %. 

It is evident from the curves in mg. % N (Gra])h IV) that the 
percentage, difference between “ laked ” and unlaked figures 
increases towards winter since the curves run approximately parallel 
but deaceiiding (Nov. 21 %, Jul. 25 %). 

On (4ra])h I the percentage curve rises because, although the 
average on Tables 13 and 14 (Oraph IV) fall a little bit towards 
winter, they do not fall proi)ortionally as much as the respective noii- 
l)rotein nitrogens (see Tables 10 and 11). 

Note the individual differen(*es, e.g. on Table 13, c.f. S. 24163, 
which is low, with the others. 
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Table 16. — UHc-arid Nitrogen mg. % Laked 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Fob. 

I Mar. 

Ap]. 

May. 

June. 

July. 

Aug. 

i 

Sopt. 

Oct. 

I Nov. 

Dec. 

Jau. 

15308 

0-84 

0*41 



0*4.5 

0 27 



0 35 


i 

0 27 


1 i 
1 

0 28 

()**37 

24186 

018 

0*19 

— . 

— 

0*20 

0*11 

0 28 


— 


0 22 


i ~ 

t.l. 

0*18 

24156 

0*30 

0 41 

— 



0*27 

0 28 

0*13 


— 

— 

— 

i 


•— 

24158 

0*40 

0*40 


— 

0*32 

0*29 

0*29 

— 

0*27 



0*27 

— ! 

— 

0 32 

0*44 

24160 

0*38 

0*42 

. — . 

— 

0*34 

0*27 

— 

— . 


— 


— ! 

— , 

— 


24168 

0*22 

0 20 



0 23 

0*23 

0 22 

0 20 

0 27 

— 

— 

— 

— 

— 


AV... 

1 

1 

0*20 

0*36 

- 

— 

0*29 

0-2.S 

0*26 

0 2.3 

1 

0 25 


0 25 

— 

— 

0 24 

0*38 


Minimum-maxiinun) variation, from less than 10 to 48 mg. 

%N. 

Average, *28 mg. % N. 

Unlaked — No table of this is given, becanse too many of 
the filtrates contained undeterminable small quantities uric acid N. 
An average will thus be of no value. 

Maximum, *30 mg. % N. 

Comparison. 

The uric acid N (mg. in “ laked and “ unlaked blood 
filtrates is very variable (e.g. vide Table 4) and so is also 
the relation in the two filtrates, even in the individual cases 
(e.g. Table 4, 5.11.31 and 18.12.31). In the first case the “ unlaked ’’ 
uric acid N was undetenninably low and the ‘‘ laked ’’ figure 
(*48 mg. % N) is the highest level ever obtained in these analyses. 
On the other hand, the “ laked ’’ figures of S. 241 3() were always 
extremely low (Table 15). The curve ((iraph IV) rises a bit towards 
December (1931), but maintains, its level from March to July (c.,f . 
averages on Table 15). The “ unlaked ” uric acid nitrogen curve 
is not drawn for reasons already given. 

The percentage curve is appioximutely level at 1*3 % N 
(Graph I). Note the individual low' averages of S. 24130 (18, *19, 
*20, *11, etc.), and the higher averages of S. 15398 (*34, *41, *45, 
*27, etc.) (vide Table ,15). 


Table 16. — Amino-Acid Nitrogen mg. % (“ Laked ”). 


Sheep 

No. 

j Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 1 

Oct. 

1 Xov. j 

! i 

Dec. 

i 

Jan. 

15398 

n 

7 1 



7 5 

.> 0 



5*2 


i 

0 7 1 



! 0 5 

0*6 

24136 

Kn 

6*7 

— 

— 

5 0 1 

.5 8 

4 9 

4 7 

— 

— . 

4 7 1 

! 


! 5 1 

5*2 

24150 

5*7 

6*5 

— 

— 

1 

0 9 

0*9 

— 

— 

— 

j 


1 



24158 

0*4 

7*1 

— 

— 

7 4 

— 

5*8 

5 6 1 

5 2 

— 1 

0 9 



1 — 

0*0 

0*8 

24160 

0*5 

6*9 

. — 

— 

7 5 1 

— 

7*0 

— 

— 

— 

— 1 


1 — 



24103 

5*2 

6*6 

— 

— 

0 0 

— 

5 5 

5*7 

7*0 1 

— i 

. j 

-- 

! 

— 

— * 

Av.. . 

5*6 

6*6 

— 

— 

0 8 

0*8 

1 5*9 

5*3 

0*2 

— 

H 

_ 1 

i 

- 

6 0 

6*2 
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P. J. HAMERSMA. 


Tahx^e 17. — Aniino’^Acid Kittogcn mg, ^Y) Unlaked 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

.Tniie. 

.lulv. 

Alls. 

Sept. 

Oct. 

Nov. 

Bee. 

Jan. 

15398 

4*4 

6 2 



5 2 

4 8 



3 9 


5 4 



4 2 

4*7 

24130 

4-3 

4 5 

-- 


4-7 

4-9 

3 9 

3 9 




4 4 





3 7 

4’8 

24166 

44 

5-2 

— . 

— 

— 

4-7 

4 1 













24168 

4 4 

4-8 

— 

— 

5 1 


3 8 

3 6 

3-5 



3 7 





4-9 

4-7 

24160 

51 

4 3 

— 

— 

4 5 

— . 

5 1 












24103 

4-3 

4 8 

— 

1 

4 4 


3-8 

4-4 

3 5 

— 

— 

— 

— 

— 

— 

Av., . 

4 5 

5 1 

— 

1 — 

4 3 

4 8 

4 1 

3 8 

3*7 


4-5 

1 

— 

4-5 

4-7 


Lahed ” Filtrates. 

Minimuni-iiiaxiiiniiu variation, ^]*68-8-7o mg. % N. 
Average, fJ-37 mg. "o X. 


“ Unlaked ’’ FilUates. 

Miuiminu-maximum variaiioii, :j l;j-()'()7 mg. % N. 

Average, 4*4'i mg. X. 

Average dittereiire, 1 dM mg. % X. 

Co'tnparison . 

The }»ereentage diHerenee of “ laked and “ unlaked ” figures 
varies from 9*d to 4(>-7, with an average of 80’ 5. The curves in 
mg. ‘Y. ^ fairly constant ((iraph JV) towards April (1982) and 
fall to a minimum in Jtine (Tables 16 and 17). In Xoveinber (1981) 
the dift‘eienc(‘ was just over 1 mg. X, but gradually the difference 

increases to 2 51 mg. ‘Y> ^ in July, at the cost of the “ unlaked ” 
figures, that is in the “ laked ” the content remained fairly constant, 
whereas in the “ unlaked ” there was an earlier decrease. The ])er- 
<*entage difference increased towards >\ inter (December, 1981, 28 
duly 40 see (jrra])h IV). 

On (Irajdi 1 tlie j)ercentage curves are a])i)roximately parallel, 
because although the averages (see Tables 10 and 17) decrease some- 
what, they do not do so as ])roj)ortionally as the respective non- 
ju’otein nitiogens. These curves were influenced by the change in 
the ration, rising Avith the Avithdrawal of green feed and falling with 
the addition of it. 

Xote the individual differences, e.g. 8. 15898 being fairly high 
{5*4, 7*1, 7’5, 5 0, etc.), and S. 24180 being fairly low (4 7, 5-7, 
5-6, 5‘8, etc.). 
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CHEMICAL BLOOD STUDIES VI. 


{h) Giioup B, Tables Graph II and Discussiox of Ghoup B. 

Sheep No. 33208. 

„ No. 33589. 

, t No. 3359 1 . 


m 



p. J. 



HAMKBSMA. 


5 .5 . . .fi 

c0I'->ft®?O 


55^T)I«ftiftN»’oO<N 

:^'o»kA<e>9>i^o> 

; OJfH M (M M 
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TABLE 19.— Sheep 33589 


(-■HjanCAL BLOOD STUDIES VI 


29th 

Sept., 

1932. 

12- 13 

55*87 

51*55 

--♦t 

« 

VO 

16*76 

10*60 

2 517 

2*523 

-»«o 

II -I 

rHP ©04 
o-»t ©© 

04© 

»?}•♦• P X 
oit*. POT 

p p 
o -t 

cb hh 

1 ^ 

1 © 

13th 

July, 

1932. 

X 

o 

O CO 
X X 

I> w 

04 

•t 

CO 

04 

s ;? 

OO »H 
tH rH 

04 « 

X X 

(N 04 

© 

rH© 

sbcc 

©«*♦< ©rf* 

04 1- 04 © 

©© OO 
<N4*- f^W 

r- 04 
© © 

© ^ 

© © 
p « 

© f 

11th 

July, 

1932. 

0» 

"If 

CO t'- 
t' CO 

CC CC 
lO 

UC 

04 

^ CC 

o *»♦< 

1- OS 

X © 
X » 
X X 

bl 04 

?? -H 

2*28 

6*16 

2*01 

5*40 

rH04 l-Ol 
(NCO ©04 

© 04 

P O 

© H* 

© © 
P -H 

cb bl 

3rd 

June, 

1932. 

Oi 

sc 

OS CC 
CO CO 

CC 

CO Ift 

O 

X 

04 

CO r>l 

© e* 

i>. o 

iH rH 

04 ® 

liC © 
X X 

04 04 

p © 

0« 04X 

©CD CC© 

rHO ©O 
O rj* 1- t-r 

04© fH^ 

©-1. ^rH 

041>» rH-ft 

I' 04 

© l- 

Hf 04 

01 

4- X 

1- 04 

It few 

I'- 

X 

M 

CO w 
OS m 

os os 
*o> o 

CC 

04 

O w 

lO 

04 tH 

X P 

8 g 

04 04 

Sx So4 

ibiH obn 
iH rH 

©p -to 

‘r'r 

rH^ T-CC 

M Plr 

WO rH© 

g 

1'- © 

w tr 

rj, X 

P rH 


? 

!C 

OS 

1-. 

kC »0 

lO 

o 

CC 

X X 
O N 

CD *^ 
04 rH 

© X 
04 M 
O O 

CC X 

So Rg 

rH iH 

rH© 

I** rH 04 © 
04X fH© 

X © 
If. rH 

Ir vb 

© e. 
© © 

6 1H 

2l8t 

April, 

1982. 

I-- 

X 

sc 

§ s 

(N Cl 
CO o 

04 

04 P 
X o 

fH lb 
04 rH 

04 OS 
© © 
X X 

04 04 

Se4 S© 

■H* rhX 

2h© rH© 

OP 

04© II 

H> X 
04 © 

X © 

-t « 
04 X 

X lb 

o o 
© © 

cb hh 

18th 

April, 

1932. 

X 

sc 

04 04 

i« O 

o OS 
iC 

X 

04 

X 

04 CO 
to © 

(N 04 
04 rH 

lO © 
S X 
04 04 

Ir. © 

OlO 

© rH © rH 
rH rH 

1*97 

5*32 

1*22 

3*26 

rH 04 rH 01 
04® rH© 

© © 
o o 

o 

Hi © 
© X 

rH © 

4" 

© 1-- 
04 © 

O © 

— - 

© 

rH © 

X If 

04 04 

© © 

<3S © 

© O 
rH 04 

© c 

14th 

April, 

1932. 

X 

o 

CC 

wft O 

iH IC 

X o 

»C lO 

X 

u 

04 

© © 
t " 

t- X 
04 fH 

i 1 

bl 04 

6 14 
12 81 

6*07 

12*7 

2*41 

6 54 

2*05 

5 54 

iH © ©X 
« P fH© 

© If 

X o 

« 

rH p 

01 X 

p © 

X 

If 1 

If X 
© rH 
I’r © 

C Xr 

o © 

t- -lf 

sis 

id 

CO 

rH 

OS <0 
X I'. 

04 O 
CO tO 

I; 

o 

CC 

s' 

o 

CC 

u s 

6 X 

W rH 

© © 
X P 
P OS 

04 04 

8*90 

18*69 

8 71 
18 27 

04© 

©<N 1 I 

04© ' ' 

H* -H rH-t 
01 1 * tH © 

T)'gfl4 

t>- 

iH X 

CO 

CO »0 

s s 

rH 04 
CC 04 

■t w 
05 

o o 

CC © 

13*29 

27*9 

13*81 
29 00 

r»<© OX 
rHI*» ■H,!'- 

04© rH© 

H*© 04© 

04 1 - rH © 

18th 

March, 

1932. 

X 

01 

OS 04 

t 8 

x“ 

04 

? 

© X 

O 04 
W 04 

© © 
8 S 

04 04 

11*34 
23 8 

12*99 

27*2 

©04 Oi 
XC *^P 

rH© rH-ti 

4-0 

• 1 1 

14th 

March, 

1932, 

CC 

CC 

•«f 04 

t-«. OS 

X o 

4- 

X 

01 

O 04 
rt W 

04 X 
04 iH 

04 rH 

P o 

X 

04 04 

Ol’r O 
IrrH pt^ 

1^© l>.rf 

© © © 04 

©© ftp 

04© rH© 

CO 

- II 

1 





s?5 

- 

j 


Haemoglobin, gm. per 100 c.c i 

Sugar, mg. % | 

(Glucose) 1 

' 0 

0 

i 

1 

i 

j 

e 

0 - 

5P 

3 

J? 

.se 

1 

I 

< 

9 

0" 

i 

1 

1 

o 

mg. N % 

mg. U % 

Vrea 

mg. N % 

mg. U % 

mg. % 

mg. TC % 

“!r«ga /** — Creatinine i 

mg. N % j 

mg. TC ?o i 

mg. N % 

mg. UA % 

Crie Acid 

mg. X % 

mg. r A % 

' 0 

0 ' 

1 

1 

1 

9^ 

1*5 

t 

1 

i? 

¥ 

05 
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* Includes Amino A^id — N. t Includes “ Total ” — Creatinine — N 

History: Bom at Onderstepoort 8.2.32, of Ewe 1539S {vide Group A), 
Weight: 29.4.32 — 48 lb 

15.5.32 — Vieectomised. 

26.5.32 — 47 lb. 

22.7.32 — 55 lb. 

24.8.32 — 57 B). 

Excluded from exi>eriment, October 1932. 



P. J. HAMKIISMA 



Q 


* Inclndesj T rie Aehl — N. t Iw^'^udes Auiino Acid — N. 

History: Born at Ouder^tepoort, 17.2.32, of Ewe 24158 fi'uft' Group A). 
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P. J. HAMERSMA. 


Group B {lamha,) 

Table 21. — Haenwglobin (Hb,) gm, per 100 c,c. 


Shoop No. 

March. 

April. 

May. 

•Tunc, i 

July, 

Aug. 

Sept. ! 

Oct. 

Nov. 

1 

Dec. 

Jan. 

a3208 

15 • 30 

13*30 


13*22 

13*77 


11*90 



14*95 

14*57 

33689.... 

14*90 

14*20 

— 

13*12 

14*28 

- - 

12*13 i 

— 

— 

— 

— 

33597 

13 30 

12*73 

14*28 

12 28 1 

11*78 


13*50 

"* 

— 

13*31 

13*49 

Av<!raKe 

14*68 

13*41 

— 

12*90 

13*28 

— 

12*53 

i 

1 

— 

14*13 

14*03 


No couclusioii cBTi he <liawri from the HI), figures as regardvS 
variation. Attention is, however, drawn to the fact that the figures 
are higher during Maich, when the animals were still younger. It 
should be noted that the Ilb. figures were usually found abnormally 
high or low at the beginning of the experiment. 

The Hb. varies from 10*87 to 10*54 gm. % with an average of 
all the figures of 1-1*7. 

The following table indicates the distribution: — 


gin, per 100 

Below 1 1 
11--12 . . 
12-1 d ... 
J:M4 ... 

14- 15 ... 

15- 16 ... 

16- 17 ... 


.r. Occurrence. 

1 

d 

9 

16 

10 

d 

4 


d4 % of the determinations lie between Id and 14 gm. % and 
70 between 12 and 15. 


Table 22. -Sugar mg. Jinked 


Sheep No. 

“ 

March. 

April. 

May. 

June. 

Jul> . 

Aug. 

Sei)t. 

Oct. 

i Xuv. 1 Dec. , 

Jan. 

33208.. . 

51 3 

53*0 


01 3 

48*2 


59 2 


— 49*7 ' 

45*0 

33589 ... 

09*9 

63*0 

— 

63*7 

55*8 


.55 * 7 

— 

— . i , — 

— 

33597 . . . 

73*4 

59*2 

50 5 

53 2 

.51*7 

! 

4.5 7 

1 

1 

1 

1 — ! 45*4 

.51 *8 

Average 

64 8 

57*9 


"i 

58*7 

51*5 

— 

1 

51 0 1 

1 

1 

1 

i — ' 47*0 

1 

48*7 


Table 2d. — Sugar mg. % Unlaked 


Shoop No. 

March. 

April. 

May. 

J uuc. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

Jan. 

33208 

46*9 

51*1 


56*7 

43*9 



51-0 




45*7 

39*0 

33589 

69*7 

65*8 

, — . 

52*6 

43*8 

— 

51*5 

— 

— 

— 

— 

33597 

63*5 

55*5 

39 6 

45 1 

1 

44*0 


40*8 



40*8 

42*8 

i 

1 

Average 

66*1 

64*2 

— 

52*8 

44*1 

— 

47*8 

— 

— 

43*2 

41*2 
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( UKMICAL jBLOOD STl'DIKS VI. 


‘‘ Laked ” Filtrates. 

Miniimim-maximum variation, 42 *7-79 *4 mj?. %. 

Avera^^e, 57*6 mg. %. 

‘‘ llnlaked Filtrates. 

Miniinuiu-tuaximum variation, 35 *8-70 *9 mg. %. 

Average, 50*8 mg. %. 

Average difference, 6*8 mg. %. 

The following table indicates the distrilmiion : — 

Laked Filtrates. C nlaked ” Filtrates. 


%• Occurrence. tnij. %. OccAtrrence. 

40-45 2 35--4() 3 

45-50 9 40-45 9 

50-55 13 45-50 11 

55-60 7 50-55 8 

60-65 7 55-60 7 

65-70 5 60-()5 6 

70—75 3 65 and over 2 

75-80 2 


24*5 % of the determinations of tlie laked lie between 50 
and 55 mg. % and 55 % between 50 and 65, while 24 % <>f the deter- 
minations of the “ iinlaked ” 611 rates lie between 45 and 50 and 61 
between 40 and 55 mg, %. 


Comparison . 

The differences of the “laked” and “ unlaked ” figures vary 
from 3*3 to 20*6 % with an average of 11*8. 

JFrom March to July the blood sugar level fell heavily but was 
s^ll much higher in comparison with thal of (Iroup A (see Graph 

The tendency of the sugar level to rise towards winter with this 
given ration, triumphed even over this observed lendency to dei*rease 
with age to reach the normal figure of adult sheep. This is even 
more evident if the average of the different lambs on Tables 22 and 
23 are compared. S. 33208 was 10 weeks old at the beginning of the 
analyses and throughout the blood sugar level increased towards 
June. 

S. 33587 was 5 weeks old and the level remains constant fi*om 
April to June, from where it decreases again. 

S. 33597 was 4 weeks old and the tenden(*y to decrease triumphed 
wholely over the seasonal inclination towards a rise. 

The change in the ration in December, 1932, did not cause a 
great variation (“ leaked ” December, 1932, 47*6, January, 1933, 

The percentage differences in March and June are about equal 
<13 and 10, see Grai)h III and c.f. Tables 22 and 23). 
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r. J. HAMERSMA. 


7'ota I A" i troge ?? . 

Minimum-iuaximuiu variation, 2*4-3 1 t>iu. N %. 

Average, 2*8 gm. N %, 

The total nitrogen remains fairly constant. C.f. the tables for 
indiA'idual differences (Tables 18-20). 

S. 33597 is exceptionally low (2*06, 2*73, 2*70, 2*94, etc.). 
S. 33208 being higher (3*006, 3*024, 3 038, etc.). 


Tarle 24. — Non-Protein Nitrogen mg, %. Lahed 


Sheep No. 

Marcli. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

.fail. 

,33208 

23(5 

20 • 3 


15 3 

15*5 

__ 

18*1 



320 

26*3 

33289 

28 8 

24 0 


17 0 

17 8 


10-8 

— 

— 

— 

— 

33297 

27-0 

25-5 

1 18 3 

23-9 

10-3 

. 

180 

“ - 


.32*4 

27*0 

Avf*raKo 

2« :» 

23 • .> 

— 

18 1 

lOo 

- 

17*« 

“ 

— 

32*5 

1 26*6 

Tahj.e 25 . — Non-protein 

Nitrogen mg, % (‘‘ Un lahed ”). 


Sheep No. 

March. 

April. 

May. 

J U1M5. 

July. 

Aug. 

} Sopt. 

j 

! Oct. 

1 

1 

Nov. 

Dec. 

Jail. 

33208. .. 

15 8 

15 *3 


10 •« 

10 0 


11-4 

j 


25-9 

18*0 

33289 . . 

19 4 

15 0 

__ 

30 7 

10-3 

- - 

10 7 

1 — 

— 

— 

— 

33297 . . . 

7 

15 4 

10 2 

13 0 

9*9 


9 9 

i “ 


24*0 

19-7 

.\v<TaKe 

j 18-1 

j 

1 15 4 

1 

— 

11 2 

10 3 

- 

10 0 

1 


— 

25*2 

18*8 





“ Lakeil " 

Filtrates. 





Miniinuni-niaxiiiium range, 14*8—32 

4 inf>-. %. 



Average, 

, 20 -0 

mg'. JN' %. 












' ilia hed 

F ilt Hites. 





^liniminn-maxiniiun range, 9* 

;}-25- 

mg. 

-V o/ 
/()• 




Average, 

, 15 0 mg. 

/()• 







Average 

difference, 

8*0 mg. Ai 

()/ 

/o* 






The following 

table indicates the dist J ibution : - 

— 




Lahed ’’ Filtrates. 


‘‘ C ntahed 

’’ Filtrates. 

/Jiy. 

()c(’tirren cc. 

mg. ;V>. 

Occiit rene.e. 

Below 

15 .. 


. 1 



Below 10 .. 


.. 4 


15-20 



. 10 



10-15 



.. 23 


20-25 



. i:i 



15-20 



.. 9 


25-00 



. 9 



20-25 

) 


.. 9 


30-35 



. 7 



Above 25 .. 


.. 1 



“ Lahed ” Filtrate,, 

35 % of the determinations lie between 15 and 25 mg. N %. 

83 % of the determinations lie between 15 and 30 mg. N %. 

“ IJ a lahed ” Fili ra t ea, 

50 % of the determinations lie between 10 and 15 mg. N %. 

70 % of the determinatiojis lie betv^een 10 and 20 mg. N %. 
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CHEMICAL BLOOB STUDIES VI. 


Comparison . 

The difference between ihe laked and unlaked figures 
varies from 23*2 to 45 % with an average of 35 %, with an average 
difference of 8 0 in mg. N % (23—15). 

From Graph IV it is evident that the percentage differences 
between the ‘‘laked and “unlaked figures increase towards the 
winter since the curves run about parallel (decreasing) and conse- 
quently the differences in mg. N % remain about the same. 

Note the individual differences of the three lambs, S. 33208 being 
the lowest (23-6, 20 3, 15*5, etc.), and S. 33297 the highest (27*0, 
25*5, 18*3, 23*9) {vide Tables 24 and 25). 


Table 26 . — Urea Nitrogen mg, % (“ Laked 


Sheep Ho 

Marcli. 

April. 

Alay. 

June. 

July. 

Aug. 

Sept. 

Oet. 

Sow 

Dee. 

1 

1 Jan. 

83208 

10-2 

5*9 

i 

2 (1 

21 


.3 -8 

_ 

__ 

17*7 

1 H . 5 

33589 . . . 

10 • 3 

5 (1 

" ' 

: 3*0 

! 2*4 

- 

— • 


— 

* — 

j — 

33597 j 

9.1 j 

... .1 

0 2 

2-4 I 

5-2 

! 2 2 


1 9 



If) l) 

.■0 



Average ] 

- ' 1 

9.8 

6-9 ! 

1 

j 

1 

3-3 

•>.o 
" 1 

I 

— 1 2 8 

j.. , 

— 

16*3 

8*5 


The “ laked ’’ urea nitrogen v*aries for an undeteriuiiiable small 
quantity (below 1*5 mg. N to 17*69 mg. N % with an average 
of 6*6 mg. N %. 

The following table indicates the distribution 


m.g, N %. 

Below* 1*5 

1-2 

2—2 

3 - 4 !!! ;;; 

4- 5 

5- 0 

0-7 

Above 7 . 


OccAurence, 

. ... 1 
. ... 2 


o 

3 
7 

4 
18 


The urea nitrogen decreased gradually from the beginning of 
the analyses towards winter. In December (1932; the maximum 
level was reached, but after the withdrawal of the green fodder from 
the ration it decreased again immediately. 


In the case of the “ unlaked ” the same applies here as in 
Group A and by comijarison of the “ laked and “ unlaked 
figures on Tables 18-20 it is seen by w*hat quantities the figures differ. 
The “ unlaked are usually the lowest. In 5 instances the urea 
nitrogen was too low to be determined (less than 1*5 mg. % N). 

The maximum figure obtained for the “ unlaked filtrates is 
18*05 mg. N %. 
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P. J. IIAMEllSMA. 


Compainsoil . 

Xhe urea nitrogen curve (see Table 26 and Grapli IV) runs 
approximately parallel with the two non-protein nitrogen curves 
(vide Tables 24 and 25) of Group B. Since the urea nitrogen and 
non-protein nitrogen curves run i)arallel, although of course the urea 
nitrogen is obviously on a much lower level, it is evident that the 
urea nitrogen ])ercentage of the N.IMS". (both ‘‘ laked and 
utilaked fall heavily, during the period of March to July (see 
Graph IJ and Table 26). It again increases to December, 1932, and 
decreases towards January, 1933. On Graph I two urea nitrogen 
percenlage curves are given (see explanation at the end of TJrea N 
UTuler small heading Oom])€arison ” in Grouj) A). 

The “ unlaked ’’ urea N percentage curves run much higher 
than the “ laked ’’ because the resiiective N.P.N. is much less. 

The individual differences are not very striking. 


TAiua 

'^7.- 

“ Total ” 

(/reatinine 

Nitrogen 

mg. 

% “ /.uked 


SluM‘p No. 



March 

Apiil. 

May. 

June. 

July. 

Aug. 


Ocjt. 

Nov. 

i)c*c. 

~ 

Jail. 

33208 

1 92 

1 70 

... 

1 -84 

2-37 


1 82 



1-90 

1-85 

33589 

217 

1 -98 


2 01 

2*51 


2-01 

— 


— 

— 

33597 . . . 

2- 00 

1 94 

2 (M 

2 10 

2 44 


2-11 



2*23 

2-26 

Average 

2 05 

1 88 

... 

J 90 

2 44 

— 

1-98 


— 

2-00 

2-05 

Taule 2(S.- 

To 

fa/ ” 

( ^reaf f ffuie 

Nitrogen mg. % 

“ Unlaked 

' J - 

Slu-ep No. 

March, 

April. 

May. 

.1 unc. 

Jniv. 

Aug. 

Sc'pt. 

0(;t. 

Nov. 

Dec. 

Jan. 

3320H . 

1'39 

1 48 


1 52 

1 90 


1 45 



1-60 

1-41 

33589 . , 

J -45 

i 45 1 

- - 

1-75 

2-08 

— 

1 00 


— 

— 

— 

33597 

J 52 

1 52 

1 i 

1 00 

1 07 

2 18 


1 49 



210 

1-95 

Average' 

1-48 

t ^ 

j J 48 


102 

2 00 

— 

1-55 


_ 

l'S5 

l•0^ 


_ 



. — 

— 

— _ 




— 



“ Laked F titrates, 

Minijuum-maximuiii variation, 1 ’56-2*85 mg. iS' %. 

Average, 2 04 mg. JN Vo- 

“ Unlukcd ” Filtrates. 

Minimum-maximum variation, 1-22-2 ’35 mg. N %. 

Average, 1-59 mg, N %. 

Average diffeience, -55 mg. Is % (laked to unlaked.) 

Comparison, 

The difference between “ laked ’’ and ‘‘ unlaked '' “ total '' 

creatinine nitrogen lie between 0 and 40 % (see Table 18, 
23.3.32. L 1-50 F. 1*67) and the average difference is 23%. 

The curves in mg. N Vo are not given on Graph lY because they 
would coincide closely with the respective curves of Grouj) A and 
have been omitted for the sake of clearness. 
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The differeuees in per cent, decrease towards winter (27-17 %). 

On Graph II the percentage curves rise considerably, contrary to 
the urea N percentage curves, of which the “ hiked is lower in 
July than the T ’\C.N. (Id *6 %). The “ laked ’’ “ T ’ .C.N. 
curve rivses from 8 to 15 % and the uiilaked from 8 to 20. That 
the percentage amounts do not increase equally is (dear as the curves 
approach each other (Graph IV) and the non-pjoteiu nitrogen> run 
approximately parallel. 


Note that the individual diSerences are in all cases relatively 
small (On Table 28, 8. 88208, 1 02, 1*70, 184, etc., S. 88589, 217, 
1 -98, 2 01, etc.). 


Tabi.k 29 . — ITric Acid Nitrogen mg, % “ Laked 


Siieop No. 

1 

March. 

April, 

May, 

June. 

July. 

i 

, 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

3320H . . . 

•It) 

i *15 


•15 

•14 


•18 

.. 


•23 

■23 

335S9 . . . 

•21 

•20 

— 

•25 

•23 

— 

! -25 

— 


— 


33ri97 

2r> 

*23 

*22 

•21 

•23 


' *27 



43 

•3-2 

Average 

1 -20 

i 

••2*2 

— 

•19 

•20 

1 

23 j 

1 

L”.J 


*33 

! 

“27 


“ Laked Filtraies, 

Minim um-maximuiii variation, less than *10— *48 mg. N ‘o. 

Average, *20 mg. N %. 

“ U n Laked ” Filtrates, 

Minimuni-maxijnuni variation, less than Id-* 24 mg. X 

As in Group A no Table of the “ un laked is given. 

Co mparison . 

In respect of the changeability of the proportions of the *' laked 
to the “ unlaked figures the vsame applies here as in (iroup A, 
nanuily, that not only are the figures very changeable, but so is also 
the relation of the figures of the two filtrales (e.g. Table 18, 14.8.82. 
L *28, V, t.l., and 25.4.82, 1. *18, U *18 etc.). 

No curves are drawn of the uric aidd nitrogen on Graph II and 
ly because the laked one would practically coincide with the 
given uric acid curve of Group A, and the “ unbaked ’’ one has been 
omitted owing to the incomplete range of figures available, as this 
constituent in “ unlaked filtrate was frequently below the range 
of accurate determination. The ‘‘ laked ’’ curve (in mg. N %) 
would run about in a straight line on *2 mg. N % level (Table 29) 
and the percentage (uric acid nitrogen) of the respective N.P.N. rises 
from *8 to 1*2 % from March to July. It is of interest to note the 
individual low figups encountered, e.g. on Tables 29, S. 88208 never 
rises above *28 while the lowest of S. 38597 is *21 w*ith a maximum 
of *43 mg. N %. 
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Table ^U). — Aniiyio-Acid M'ifrofjett mg, % "" Laked^', 


Sheep J5o. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Sei)t. 

Oet. 

Nov. 

TJe<*. 

Jan. 

38208 

0-21 

6]f> 

i 

5 • 10 

4 74 


5-15 



6 '30 

5 03 

33589 

7*84 

7-78 

1 — 

i 4*fl7 

5 73 

— 

009 

— 

— 

— 

— 

33597 

7 95 

S 0« 

0 • 3(1 

«-(17 

5-09 


5 * 93 



7 07 

(1*93 

Averaue 

7 • 33 

1 

7 .55 

i 

5*38 

5*39 


7i 72 


— 

($•71 

(1 43 

Taui.k : 

51.—^ 

imuio 

-And 

i\ it toy eii 

mg. 

(>/ “ 

1 ^ nJak 

■ed 


Slieejj No. 

1 Mnreti. 

April. 

May. 

.lune. 

Jul>. 

Aug. 

\ Ser>t. 

Oct. 

Nov. 

T )ec. 

Jan. 

3320S 

5 97 

5 • 05 


3 92 

3 7(1 


4 52 



5 2(1 

5 49 

33589 

4 :>8 

5 .32 

— 

2 72 

4 2(1 


4 49 j 

— i 


— 

- 

33597 . . . 

.5 02 

5*41 

5 -(14 

4 52 

.3 K.5 

■ 

4 21 



5 2(1 

5 30 

ANera^se 

i 

.5 03 

5 20 1 


“ * 

3 77 

3 90 

— 

4 40 

— 

i 

Lr 

5 2(1 

5 • 39 


“ Laked Fditatvs, 


Minimum 

-maximum variation 

, 4 07-0-44 

mg 

. X 

/o* 

A^’erage, 

b ()7 mg. N 






Unlaked 

Filtrates. 




M ini mum 

-maximum variation 

, 2 -72-0 74 

mg 

. N 

o/ 

/(>• 

4’()0 mg. 

■N' %■ 





AA'erag(‘ ( 

liiference, 2*97 mg. 

(h.keO 

to 

Hill 

aked.) 


(\> mparifion , 

Tlie (lilVeronco of Ihe “ laked ” and “ unlaked fi^uies \arlefi 
Ironi T T '*{, to 58 wiili an average* ot dl *’o mg.). 

The curves iji mg*. A % Imve the iiieliiiation to approach each 
other towards winter (c.f. (iraph iV and Tables dO and dl). In 
March the difference was !2 d mg. N % and in July only l'4d at the 
expense of the “ laked figure. Both curves fall to a minimum in 
June and rise again after that period, the “ laked ” figures not 
approaching, however, the same level in December (19d2) as in 
March, contrary to the rise of the “ unlaked figures (Ji. 7*d, 7*3, 
5*4, 5-4, ()*7, t)*4 and V 5 (), 5*3, 3-8, 40, 5 3, 5*4), Note the fall 
of the percentage ( urve in December (193*..^) and the rise in January 
(1933) which may ])ossibly, if not Avholly, be due to the change of 
rations introduced during this period ((xrapli II). The difference 
between the “ laked and “ unlaked ” figures in Mar(*h is 31 % 
and 27 % in July. 

On Graph II the percentage <*urves rise considerably and aie 
fairly parallel, l)ecau8e tliough the averages fall considerably from 
March to June (Tables 30 and 31 L. 7*3, 7*3, o*4 and U. 5*0, 5*3, 
3*8 respectively, they do not do so proportionally to the respective 
non -protein nitrogens. 
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(c) Explanation oe Graphs 111 and IV. 

In order to compare the changes of the blood sugar content (both 
“ laked and “ unlaked in blood of the two Groups A and B, 

curves have been plotied on the same paper, with the average of all 
the respective figures of a group per month being recorded as points 
in mg. glucose per cent. (Grapli HI). Such curves of all the other 
constituenis (except T.N. inid TTb.) of Groups A and B in mg. N % 
have been re(*orded on the same graph (Graph IV). 

The tables from which tliese graphs (HI and IV) have been 
plotted together with the same tables of Groups C, II and E and also 
of the lib. are all stated in the discussion assoc^ialed with each 
8ej)arate constituent (Tables 7-17, 21-31, 35-45, 52-1)2, 08-78). 

33i[e av€»rages for each sheep per month are also given in these 
Tables in order to be able also to note any individual differences 
between the sheep in a group. 


Ghaph 111 . 

Blood Sugn^ Curves in mg, %. 
(h'oups A ami B. 
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Qbafh IV. 

Nitrogen^ Partitioru in mg, N %, 
Groups A amd B. 
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(J) Gjioups C, D and E. 

As the curves of Groups C, D and E show the same general 
tendencies as Groups A and B they are not given here. 1 have, 
however, for the sake of c*oinpleteness recorded here the full analytical 
data gathered. These have been more briefly summarized in order to 
avoid needless repetition. All the other data, e.g. ranges between 
which the constituents vary and averages, etc., are also included. 

Gnoup C. 

Sheep No. 22204 , Table 32. 

Sheep No. 25140, Table 33. 

Sheep No. 25142, Table 34. 


TABT.E 32.— Sheep 22204. 


1 

" - 

nth 

13th 

2nd 

4th 

22ncl 

26th 

1 3rd 

Date. 


Nov., 

Nov., 

Feb.. 1 

Feb., 

Feb.. 

Feb.. 

i March, 



1931. 

1931. 1 

19.32. 1 

1932. ! 

1932. 

1932. 

i 1932. 

Haemofflobin gm, ptjr 100 

1 

1 

1 


1 

1 

] 






12-42 

11-96 

15-19 

17-18 

14-49 

— 

13-87 

Sugar {Olucas,') mg. %.. 

L 

34-84 

43-67 

.56*18 

38-46 

48-78 

37-04 

43-10 

U 

31-45 

39-22 

46-73 

23-25 

43 -.57 

32-79 

39 68 

Total N, gm. N" % 


2-730 

2-660 

2-954 

2-996 

3-080 

3-075 

3-010 

NoU’proiein Nitrogen 

L 

21-27 

32-08 

30-00 

35-30 

22-22 

33-32 

2.6-64 


U 

1515 

26-42 

24-00 

,30-92 

15-79 

27-36 

17-65 

Coaguable Nitrogen gm.N.% 

L 

U 

2-709 

2-715 

2-628 

2-634 

2-924 

2-930 

2-961 

2-965 

3-058 

3-064 

3-042 

3-048 

2-984 

2-992 

mg. N % 


5-24 

5-25 

6-72 

20-78 

7-73 

18-42 

7-33 

mg - U % 

Urea 

L 

11-0 

11-0 

14-07 

43-60 

16-20 

38-64 

15-40 

mg- N % 


6-79 

14-43 

16-40 

— 

7-62 

17-27 

7-33 

mg. U % 

U 

14-20 

30-30 

34-49 

• — 

15-96 

36-20 

15-40 

mg. N % 


2-48 

2-55 

1-97 

2-33 

2-23 

2-23 

1-89 

mg. TO % 

“ Total ” Crfatinine 

L 

6-7 

6-86 

5-32 

6-26 

6-12 

6 00 

5-14 

mg. N % 


1-78 

2-19 

1-82 

2-11 

1-7.6 

1-89 

1-41 

mg. TO % 

U 

4-80 

5-86 

4-90 

5-68 

4-70 

5-14 

3-80 

mg. N % 

1 

•52 

-33 

•25 

•18 

•26 

•23 

•19 

mg. UA % 

Vric Acid 

L 

1 - 5/5 

1 

1-0 

•74 

•53 

•78 

I 

• 57 

mg. N % 

* 

— 

-19 

•15 

j 

' -17 

• 15 

•10 

mg. UA % 

u 

— 

•57 

•44 

— 

•52 

•45 

•29 

Amino-Acid mg. N % . . 

L 

U 

5-00 
i 4-00 

5-18 

4-24 

6-67 

4-36 

5-38 

5-98 

4-38 

6-10 

4-83 

6-36 

5-00 

Rest Nitrogen mg. N % . , 

L 

U 

8-03 

2-58 

8*77 
! 5-37 

4-39 

1-28 

6-63 

6-00 

1-87 

1 

6-34 

3-22 

9-87 

1 3-81 


H isiory : 24.2.30 Helminthiasis. 

18.5.32 Bluetongue. 
Weight: 18.12,31—67 lb. 

22.1.32— 80i lb. 

23.2.32— 76 tb. 

29.4.32— 86 lb. 
Discharged : 29.4.32. 
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History. 24, 2.3U Helminthiasis. 
Wexgkt : 12.31 ~ 93 lb. 

22. 1.32 — 1021 lb. 

23. 2.32 — 100 lb 

29. 4.32 — 115 lb. 

29. 4.32 — discharged 



P. J. HAMERSMA 


(tUOup C. {lliree sir-tooth eices). 
Table 35. — Haemoglobin grri, per 100 c.f. 


Sheep 

No. 

Nov. 


1 

Jan. 

Fob. i 

Mar. 

Apl. 

May. 

Jum*. 

i 

J Illy. 

Aug. 

Sept. 

Oct. 

Nov. 1 Dec. 

1 

1 Jau. 

1 

22204 

12-2 

— 



15 « 

13 9 














_ 1 


25140 

12-« 

— . 

— 

16 •« 

— 

— 

12 9 

16 6 





16 0 

— 1 

— i 23-2 1 

19-8 

25142 

]2-9 


— 

16 1 

•— 

14 0 

14 3 


— 

— 


— 

™ 1 

— 

Av... 

12-7 

— 

— 

17 S 

13 9 

140 

, 

14 0 1 

16 0 



16 0 

- I 

— 23 2 

19*8 


Miuiiiiuiii-maxiiiiuin variation in gm. per 100 c.c. 11 *90-23' 18. 
Average, 1G*7. 


The following* lahle indicates the distribution: — 

gm, per 100 c,c. No. of cleterm inaiions . 


10-11 0 

11-12 2 

12- 13 0 

13- 14 2 

14- 15 5 

15- 10 7 

10-17 1 

17-18 3 

18 and more 5 


21 % of the determinations lie between 15 and 10 gm. per 100 
c.c. and 50 between 13 and 15 gm. per 100 c.c. 

Table 36. — Sugar m^g. % Lakcd 


Sheep 

No. 

Nov 

Dec 

.Tail. 

Fcl) 

Mai 

Apl 

Mav. 

.In lie 

.lul\ 

Aug. 

Sept 

0(1. 

Nov . 

1 

1 Dee. 

Jan 

22204 

39 2 

_ 



45 1 

4.1 1 









-- 

— 


1 - 

— 

25140 

4S 2 

— 

— 

13 1 


— 

73 .5 

45 1 

— 

— 

4,1 4 

— 

--- 

! ^ 

38*8 

25142 

45 2 

— 

— 

49 6 


5S 8 

44 8 


— 

— 

— 

— 

— 

1 

— 

Av.. . 

44 S ' - - 

4:> (S 

43 1 

58 8 

60 7 

45 1 


— 

43 '4 

- 

- 

47*4 

.‘18*8 




TAit],K :{7. 

—Sii!)ar nuj. % (“ 





Sheep 

No. 

Nov 

Dec. 

•Ian. 

Feb. 

Mar. 

Apl. 

Mav 

June 

July. 

Aug. 

Sept 

Oct 

Nov, 

* Dec. i 

i 

-1 ' 

Jan. 

22204 

.35 3 





.30-6 

,39 7 





— 

— 


_ 



i 

t — 

25140 

39 4 

— 

— 

27-7 

— 

— 

61 0 

37-3 

— 


3i) « 




271 

25142 

89.3 

— 

— 

37-8 

— 

53 2 

34 5 

— 

— 

— 

— ’ 


— 

! - ’ 

— 

Av... 

38 3 

— 

- 

34 3 

39 7 

53 2 

47 7 

37-3 



35 7 

- 

! 

1 33 0 

; 27*1 


Laked Filtrates. 

Minimum-maximum variation, 34-74 mg. %, 
Average, 46*2 mg. %. 

“ IJnhhcd ’’ Filtrates, 

Minimum-maximum variation, 23-01 mg. %. 
Average, 36*8 mg. %. 

Average difference, 9*4 mg. % (laked to unlaked.) 


191 



CHEMICAL BLOOD STUDIES VI. 


The fnllowiDg Table indioates the (list rib lit ion : — 


Lahcd Filtrates. 


mg. %. Occurrence. 

25-Jlb 0 

30-435 1 

35-40 7 

40-45 10 

45-50 H 

50-55 2 

55-60 3 

60-65 0 

65-TO 1 

70-75 1 


Unlahed ’’ Filtrates. 


mg. %. Occurrence. 

LH)-25 1 

25-30 6 

30-35 10 

35-40 6 

40-45 6 

45-50 2 

50-55 1 

55-60 0 

(>0-65 1 


“ Laked Filtrates. 

30 (leterniiiiations lie between 40 and 45 inj^^ ‘V,. 

76 % of ihe determinaiions lie between 35 and 50 ])»»•. %. 

“ JJnlaJiod '^Filtrates. 

30 % of (he detenninaiions lie between 30 and 35 in»*. %. 

85 % of the deterininations lie between 25 and 45 in^‘. 

The dilferenceH between “ laked and “ unlaked ” Aary between 
40 and 9%. 

The averat>'e ditferenee is 20 %. 

Total Nitrogen. 

Mininiuin-maxinnmi variation, t?in. X % 2’4-3-3. 

Averag’e, 2*9 ^m. N %. 


Table 38. — Non-Protein Nitrogen mg. Laked 


Sheep i 
No. 

Nov. 

Doc. 

Jan. 

E«b. 

Mar. 

A pi. 

Ma> . 

J um* 

1 

J ulv. 

Au« 

! sopi. 

Oct. 

Nov. 

Dee. 

.Fan. 

22204 

22 2 





»U 0 

25 0 









— 

— 

— 


1 — 

25140 

271 

— 

. — 

28 0 

— 

— 

21 0 

22 5 

— 

— 

J9 9 

— . 

— ■ 

, ;u) 5 

20-0 

25142 

— 

™ 1 

*— 

291 i 

— 

’25*4 

24'4 

— 

— 

" 

— 

— 

— 

' ““ i 

! “ 

AV.. . 

26-9 

- 

- 

20 0 

25-6 

25 4 

22'7 

22'5 

- 

” 

10-9 

— 

~ 

i JJ9 5 

1 

1 20-0 


Tajd.e 39. — Non-Protein Nitrogen mg. % (“ Unlaked^ ”). 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Ecb. 

Mar. 

Apl. 

May. 

June. 

July. 

Auk 

Sppt. 

Oct. 

Nov. 

Dec. 

Jan. 

22204 

20*8 





24*5 

17*6 







_ 










25140 

20 0 


. — 

18*7 




11*3 

11 *9 




12*9 




27*4 

15 3 

25142 

— 

— 

— 

21 3 

— 

16 2 

13 4 


— 

— 

1 — 

— 

— 

— 

— 

AV.. . 

20*3 

- 

i __ 

1 

21*5 

17 6 

1 16*2 ^ 

I 

12*9 

i 

11*9 i 

— 

- 

12*9 

— 


27*4 

16*8 
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“Lahed”. 

Mimmuin-maximuin variation, 19 -86-39 06 me-. N 
Average, 26 mg X %. 

“ lh,Med 

Mininnim-maximuin variation 10-7-27--36 mg. N %. 
Average, 19 mg. N %. 

Average difference, 7-0 mg. N % (laked to uiilaked.) 

1 he following Table indicates the distribution: — 

“ Laked ” Filtrates. “ Unlnked " Filtrates. 


mg. A %. Occurrence. mg. N % Occurrence. 

Below 20 1 10-14 ... 7 

^0-25 8 ],ti_20 ■■.’ 10 

*^5-30 10 20-25 11 

30-35 8 more than 25 ... 1 

more than 35 ... 1 


“ leaked ” Filtrates. 

36 % of the determinations lie between 25 and 30 mg. N %. 

64 % of the determinations lie between 25 and 35 mg. N %. 

“ Unlaked ” Filtrates. 

34 % of the determinations lie, between 15 and 20 mg. N" %. 

73 % of the determinations lie between 10 and 25 mg. N %. 

The percentage differences of the “ laked ” and “ unlaked ” 
figures vai-;^- from 12 to 48 with an average of 27%. 

T.^ui.k 40. — Frea Nitrogen mg. % (“ Laked ”). 


Sheep 

No. 

Nov. 

Dec. 

1 

Jan. 

Feb. 

[ 

Mar. 

j ; 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Bee. 

Jan. 

22204 

1 10-2 



— 

1.5 0 

7 3 



— 

— 



— 











25140 

100 

— j 

— ' 

10 

— ■ 

— 

4 3 

3 0 


— 

0-7 

. — 

__ 

15 3 

6-4 

25142 

— ! 

— ' 

~~ ... 

i:j 

— ' 

7 0 

5 5 

— 

— 

1 — 

— 

— 

— 

— 

— 

AV... 

JO-4 

- 

i _ 

10 1 

7 3 

7-9 

4 0 

3-0 i 

— 

— 

6 7 

- 

— 

15 » 

5 4 


“ iMked 

Minimum-maximum variation, below 15-20.78 mg. N %. 
Average, 9 -83 mg. If %. 

“ Unlaked ”. 

Minimum-maximum variation, below 15-17-24 mg. N %. 
The following Table indicates the distribution: — 


Below 5 3 

5- 6 4 

6- 7 2 

7- 8 4 

8- 9 2 

9- 10 2 

above 10 11 


36 % of the determinations of the “ laked ” filtrates lie between 
5 and 8 mg. If %. 

7 
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Table 41. — Total ” Creatinine Nitrogen mg. % T ^\C.N .) 

Laked 


Sheep 
No. 1 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. i 

Sept. 

Oct. 

Nov. 

Dec. 

Jau. 

22204 

2-61 



219 

1-89 



__ 










— 

2*48 

2^1 

25140 

2-30 


— 

2 04 

— 


1-82 

210 



2*35 



25142 

2*65 

— 

— 

2-24 

— 

1-76 

1-67 

— 

— 

— 

— j 

— 

— 

— 

— 

Av... 

2*51 

— 

— 

2 19 

1-89 

1*76 

! 

1-74 

210 

— 

— 

2-36 

— 

— 

2-48 

211 


Table 42. — Total ’’ Creatinine Nitrogen mg. % T ^\C .N .) 

Unlaked 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Auk. 

Sept. 

Oct. 

1 Nov. 

Dec. 

Jau. 

22204 

1-98 




1-89 

1-41 

— 







— 



— 

— 

— 

— 

25140 

162 



1*66 


— 

1*41 

1*88 : 

— 

— 

1*82 

— 


2 01 

1*66 

25142 

2 08 

— 

— 

1-94 

— 

1*46 

1-78 

— 

— 

— 

— 

— 


— 

— 

Av.. . 

1 *89 

— 


1-79 

1-41 

1 -45 

1-69 

1-88 

— 

— 

1-82 

— 

- 

2 01 

1‘6(*» 


“ Laked ” Filtrates. 

Minimum-maximum variation, 1*49-2*66 mg*. N" %. 

Average, 2-17 mg. N %. 

Unlaked Filtrates. 

Minimum-maximum variation, ]* 34-2 *23 mg. Jf %. 

Average, 1*79 mg. N %. 

Average difference, 0*38 mg. N %. 

The differences between laked ’’ and “ unlaked T ’’.C.N. 
vary from 7*5 to 35*5 %, with an average of 17*5 %. 


Table 43. — Uric Acid Nitrogen mg. % I^ked 


Sheep 

No. 

Nov. 

Dec. 

Jau. 

Feb. 

Mar. 

, Apl. 

May. 

1 

June. 

July. 

Aug. i 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

22204 

'42 





■28 

•19 


__ 








, 






25140 j 

31 

— 


-28 

— 


•25 

22 

— 

— . 

27 





20 

•42 

25142 

— 

— 

— 

•33 

— 

•26 

•29 

— 

— 

— 

— 


— 



Av.. , 

•36 

— 

— 

•28 

— 

•26 

•27 

22 

— 

— 

! -27 

i 

— 

— 

•20 

•42 


Laked Filtrates. 

Minimum-maximum variation, less than *10- *52 ing. N %. 
Average, 0*29 mg. N %. 

‘‘ Unlaked^ Filtrates. 

Minimum-maximum variation, less than *10-. *19 mg. If %. 
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Table 44. — Amino-Acid Nitrogen mg. % (“ Ldked ”). 


Sheep 

Uo. 

Nov. 

Dee. 

Jan. 

Keb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

Dec. 

Jan. 

22204 1 

509 

— 



6 03 1 

6-36 






— 

_ 





— 





26140 i 

6-48 

— - 

— . 

6-84 i 


— . 

606 

5*79 

j 



6 63 

— 

— 1 

5 98 

7*43 

25142 

6-29 

— 

— 

6 12 

— 

722 

6*73 

-- 

i 


*— 

— 

! 


— 

AV... 

603 

— 

— 

6 37 

6-36 

i 

7 22 

6*39 

5*79 


— 

6*68 

— 

— 

5*98 

7*43 


Table 4r). — Amino-Acid, Nitrogen mg. % (“ Unlaked ”). 


Sheep 

No. 

Nov. 

Dee. 

i 

Jan. 

1 

Feb 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

S(‘pt. 

Oct. 

Nov. 1 

j 

Dec. 

Jan. 

22204 

4*12 

j 



4 -.52 

5*00 











-- 

— 

! 

— 

— 

25140 

5*65 

— 

— 

4*89 

— 

— 

411 

3*67 

— 

— 

3 68 

— 

! 

4*27 

5 78 

25142 

4*67 

— 

— 

4*36 

— 

4 75 

4 00 

— 

— 

— 


— 

— 

— 


AV... 

4*97 



4 54 

5 00 

4 7.5 

4 05 

3*57 

— 

— 

3*68 

— 

— 

4*27 

5-78 


“ Lahed ’’ Filtrates. 

Mininuim-maxiinum variation, 5-7 87 mg. N %. 

Average, 6 ‘{7 mg. N %. 

“ ['iilaked ” Filtrates. 

Minimam-niaximum variation, 2 -80-7 00 mg. N %. 

Average, 4 ‘57 mg. N 

Average difference, 1-80 mg. N %. 

The differences of the “ laked " and “ unlaked ” figures vary 
from 10 to 52 'vviih an average of 28 %. 

Group D. 

Sheep No. 24312, Table 46. 

„ No. 29151, Table 47. 

,, No. 29468, Table 48. 

.. No. 29471, Table 49. 

. No. 29496, Table 50. 

.. No. 29503, Table 51. 
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TABLE 46.— Sheep 24312. 
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TABLE 47.— Sheep 29151. 
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TABLE 48.— Sheep 29468. 


CHEMICAI, BLOOD .STUDIES VI 


m 


8 ^ 
8 8 

SS 

CO 

CM 

8 8 
8 8 

flo 8 8 !^ 

(MCO f«US 

Al^ 04 1- 

Soo fl A 

8 8 
»A ft 

US If 

ft ft 

kb kb 

ft 

ill 


s S 

eS 

T 

CM 

? ? 
S CO 
«0 04 

?? 99 
ico 

rH tH 

fCCQ COCO 
If S lAif 

«»b 

88 S 8 

ft CO 
CM OO 

l> »A 

99 

lb C» 

ft 

ill 

? 

O CO 

i«H !>. 

»0 

(M 

n n 

CO US 
CO CM 

t- A 0'4C 
OOUS 

cb 4 k 
fico fICO 

COCO fto 
ACO 

CMcb CMiA 

a»r«- o«H 

^ aO fHCO 

r ? 

I> lA 

8 f 

28th 

Sept., 

1032. 

oa 

*« 

S 8 

A 

»0 -sH 

8 

CO 

CM 

US 8 

8 iS 

88 SS 

AA IA04 

88 Sf 

CMcb cMib 

88 8 ^ 

9 

Tf »A 
cb cb 

ftif 

kAl- 

obeb 

7th 

July, 

1932. 

rH 

t-S tH 

X> 

US -Sft 

<o 

l> CO 
CO o 

US 


9? 99 

04cb fHcb 

fceo f*oi 
IMT- ft f< 

8 8 
us f 

?9 

obkb 

5th 

July, 

1932. 

o» 

ffO 

l> OJ 
■«»* CO 

•O 

>A 

f 9 

O CO 
CM r-t 

CMiA b4iA 

oS If 8 

cm4h CMiA 

n 8 So 

CO CO 
A CO 

ft cb 

9? 

Aft 

6 th 

June, 

1932. 

o 

US )A 
xO <M 

US US 
US ^ 

CM 

O CO 

S us 

8 S 

o 8 o 8 
cbcb coco 

cMao usee 

OOCO f OC 

If us ftCO 

t-f* ©A 
ifiA If 04 

2 IT 

ub cb 

cot- 

99 

Acb 

2 nd 

June, 

1932. 

CO 

CO 

s f 

A CM 
>A US 

»/S 

§ 

CM 

CM A 
f- CO 

CO <o 
CM r-t 

co 8 
co^ cot-- 

ft r-t 

9? 9 ® 

04eb if fc 

QOCO OOUS 
If US 004 

A A 

0 CO 

CO cb 

88 

l-tM 

27th 

May, 

1932. 

? 

o 

rH 

O 

US CO 

CO 00 
US 

2 ^ 

us 

N 

CO lO 
CO <3 

CX> CM 
»-c r-t 

OO COO 
OCM (M® 

bi'b cbcb 

coo USO 
04 lA 4- 1- 

04iA Iff* 

QOf* Oft 
If »A If CO 

8 8 
I>. ft 

04 CD 

04 A 

20 th 

May, 

1932. 

€0 

US 

<N CM 

S ^ 

A 

<M 

^ 8 
ob ^ 

r-C r-t 

OO '^O 
0 50 -tit CM 

cbcb cbt^ 

99 ?9 

NUS If 

04 *A ftM 
(MO Iff 

0 0 

cb ft 

CD CO 

0 kA 

i-4h 

£ 

Sll 

CO 

CO 

? ? 

CM 

CO 

CM 

US 1'- 
A O 

lA O 

ft ft 

558 558 

cbcb cbcD 

C004 AO 
00 © 

Tf wb ft f< 

004 t-Q 

040 fl^ 

* ? 
cb lA 

t- lA 
A04 

CO© 

18th 

Feb., 

1932. 

« 

o 

s s 
s s 

8 

'»*• 

CM 

A CO 
A US 

cib (ib 

CO 04 

88 8 S 

fceo ft« 

ft f* A f* 
OUS COif 
(M >A If ib 

USO 0 A 

9*r 99 

CO 0 

QO 0 

»A lA 

00 04 

ft 00 

cbcb 

ft 

15ht 

Feb., 

1932. 

CO 

^ ? 

' US US 

OO 

04 o 
CO CM 

bb th 
CM 04 

88 ^8 

eooo CO A 
fCOS 1-104 

USCO usco 
tA C30 ft t-. 

04cb CMiA 

88 1 J 

I— if 

0 If 

I' CD *A 

©eo 

04 ft 

kb 0 

^Il 

i 

i (N 

CO 

l«! 

1 ^ 

■j 

O « 

8 S 

1 CMO 04CO 

com oius 

1 obs fcbt 

CM*<fc Ol'OC 

COO Af* 
«0 QOif 

oicb If lb 

0 A AO 
(M*A ©IM 

00 00 
If I"- 

tb 5 b 

Jpg 

1^04 

2 nd 

Feb., 

1932. 

S! 

00 

CM US 

00 sit 

6d lA 
US -K 

CM 

CX> 04 
US 

CO 04 

o 8 048 

ivcb 004 
i fieo «T»c 

f f coco 

0»A lAif 
j 04»A Iff* 

CO A 040 
CO A ifCO 

CO ft 
»- 04 

I cb ft 

t- CO 

I- 50 

25th 

Nov., 

1931. 

« 

a 

S O 

CO 

US 

CO 

CM 

S 8 

cb 

A 04 

»AUS oco 
ooo 

88 88 

1 ©40 Aft 

OOO ftCM 
^I^ fiw 

04 0 

CM © 

cb lA 

ACp 

ACM 


(N 

CM 

8 8 

O kO 
-O' CO 

’«4C 

^ 8 

cb A 
"«*< CO 

1 1 II 

?? 9? 

04cb b4cb 

0 A 

04US II 

8 8 
•A US 

1 1 






1 

i-p P 


! 

P 

PP 

i 

d 

c.* 

8 

1 

i 

1 

I 

i 

1 

J: 

iz; 

1 

! 

1 

• ; : : 

tea:) 

CC.ti 

1 

• • • i 

«iJ« 6 c 8 

• • • • 

# • • • 

• : 

• . • . 

• . • . 

• . • • 

Kts^mts 

tflii 

i 

i 

cii 

B 

1 

1 

.0 

O' 

i 

1 


198 


I 



-I <M ktj Jt'- 00 ©« 




I 



TABLE 49.— Sheep 29471 
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CHKMICAL BLOOD STUDIES VI 
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Bom at Bestereput, 19.5.30. 

7. 1.31, Haematoporphyriii experiment. 



CHEMICAL BLOOD STUDIES VI. 


Gboup D. (Shr ewe Iambus.) 

Table 52. — Haemoglobin gw. per 100 c.c. 


Slieep 

Ho. 

Nov. 

Dec. 

Jan. 

Feb. 

Hat. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24S12 

11*2 

___ 



141 

13-7 

— 

16-7 



15*2 

— 

33*9 

— 

— 

15*2 

14*2 

29151 

11*5 



— 

11-6 

11-5 

— 

11*7 

12*5 

12*1 

— 

12*3 

— 

— 

32*9 

12*9 

^68 

111 

— 

— 

11*3 

— 

— 

12*5 

12*1 

11*3 

— 

12*6 

— 

— 

11*4 

14*2 

29471 

10-9 

— 

— 

12-3 

12-4 

— 

13*5 

— 

— 

— 

— 

— 

— 

— — 

— 

29496 

15*4 

11-7 

— 

131 

15*2 

— 

15*6 

15*2 

— 

— 

16*9 

— 

— 

14*3 

15*7 

29503 

14*2 


— 

34-5 

14-6 

— 

13*9 

14*3 

14*8 

— 

13*7 

— 

— 

13*9 

14*6 

AT... 

1J*9 

- 


12'8 

13-3 

— 

13*8 1 

12*9 

13*3 

— 

33*9 

— ’ 

- 

13 -.5 

14*3 


Minimum-maximum variation per 100 c.c., 9*32-17*51. 
Average, 13*24. 

The following table indicates the distribution: — 


gm. per 100 c.c. ^Vo. of deterwinations. 


9-10 2 

10- 11 7 

11- 12 13 

12- 13 16 

13- 14 18 

14- 15 14 

15- 16 11 

16- 17 4 


21 % of the determinations lie between 13 and 14 gm. % and 
55 between 12 and 15 gm. %. 


Table 53. — Sugar vig. % Laked ”). 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

1 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

Jan. 

24312 

47*8 



45*8 

44*4 ! 



46*0 

47*4 

40 0 



41*0 





40*8 

44*6 

29151 

46*7 

El 

■9 

49*6 

51*6 

— 

56*5 

58*6 

62*1 

— 

66*8 

— 

— 

47*9 

43*0 

29468 

44*3 

wBm 


55*0 

— 


53*6 

57*6 

57*8 

— 

52*9 

— 


51*0 

63*2 

29471 

49*3 

— 

— 

45*1 

45*5 

— 

47*6 

— 

— 

— 

— 

— 

— 

— 

— 

29496 

47*6 

51*6 


49*9 

47 9 


43*2 

45*8 

— 

— 

45*5 

— 


46*7 

47*2 

29503 

39*9 

— 

— 

47*6 

47*4 

— 

40*8 

48*3 

47*3 

— 

46*1 

— 

— 

37*9 

39*5 

AT... 

46*4 

— 

- 

49*2 

47*4 

— 

47*9 

52*7 1 

52*0 

- 

60*0 

- 

- 

44*9 

45*5 


Table 54. — Sugar mg. % Unlaked 


Sheep 

No. 

Nov. 

Doc. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

23412 

38*6 





36*3 

32*36 



36*4 

44*4 

33*8 



37*7 





31*2 

38*5 

29151 

41*2 

— 

— 

40*9 

43*5 


49*3 

47*9 

57*8 

— 

63*3 

— 


37*0 

38*9 

29468 

39*0 

— 

— 

46*7 

— 

— 

44*3 

48*7 

47*3 

— 

49*5 

— 


47*6 

51*1 

29471 

45*5 



88*7 

40*3 


35*1 


1 .^ 

.... 


....... 

— 

. — 


29496 

43*6 

— 

— 

41*4 

42*0 

— 

31*0 

871 

— 

— 

29*4 

— 

— 

32*8 

33*3 

29503 

39*3 

— 

— 

40 9 

40*2 

— 

33*6 

39*9 

42*6 

— 

39*2 

— 

— 

30*5 

80*2 

AT... 

40*6 

— 

- 

41*3 

39*6 

— 

38*2 

43*9 

42*7 

— 

43*8 

— 

— 

36*7 

87-6 
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r. J. HAMERSICA. 


“ Lalied ’’ Filtrates, 

Minimum-maximuiii variation, 34-81 mg. %. 

Average, 48*4 mg. %. 

Unlaked Filtrates, 

Minimum-maximum variation, 29-()3 mg. %. 

Average, 38-0 mg. %. 

Average difference, 10 -4 mg. %. 

The following table indicates the distribution : — 

Laked Filtrates, Unlaked Filtrates. 


mg. %. Occurrence. mg. %. Occurrence. 

30-35 1 25-30 4 

35-40 3 30-35 15 

40-45 22 35-40 21 

45-50 28 40-45 22 

50-55 16 45-50 14 

55-60 10 50-55 6 

60-65 3 more than 55 ... 2 

80-85 1 


“ Laked ’’ Filtrates, 

33 % of the determinations lie between 45 and 50 mg. %. 

78 % of the determinations lie between 40 and 55 mg. %. 

Unlaked ’’ Filtrates, 

25 % of the determinations lie between 40 and 45 mg. %. 

70 % of tl)e determinations lie between 30 and 45 mg. %. 

The differences between ‘‘ laked ’’ and “ unlaked ’’ vary from 
4 to 26 V'o, wiih the average 20 %. 

Total Nitrogen. 

Minimum-inaximum variation gm. N % 2 4-3 -2. 

Average, 2 75 gin, N %. 


Taule 55. — Non-Frotcin Nitrogen mg. % (“ Laked 


Shoep 

No. 

No\. 

nee. 

.lau. ! 

Feb. 

Mar 

Apl. 

May. 

1 Juuf. i 

i 

July. 1 

Auk. 

Sept, 

Oct. 

Nov. 

Dec. 

Jan. 

24312 

27*6 





33 7 

26 1 



21 4 

24*5 

27 3 

— 

21 4 





33-2 

33*8 

29L''jl 

365 

' 

— 

31-2 

2S-0 

— 

22-4 

24-0 

20 1 

— 

15-9 


— 

34*1 

24*2 

294CS 

.59-9 

i - ' 

— 

34*3 

— 

— 

17*7 

21-9 

17-9 

— 

26 5 

— 

— 

33 3 

31*6 

294 7 J 

27 4 i 

— 

— 

30 1 

28 9 

— ■ 

20 0 

— 

— 

>— 

— 

— 

— 

— 


29490 

29 1 1 

27 2 

— 

31-3 

25'() 

— 

23*6 

23*8 

— 

— 

27 0 

— 

— 

30- 0 

20*9 

29.'303 

31 -7 


! — 

26*8 

23 .5 

— 

20 9 

21 9 

14-6 

— 

21 1 

— 

— 

32-3 

25*3 

AV.. . 

i 

31 9 1 

1 J 

1 

- i 

31 2 

25 8 

- 

20 7 

23 2 

18-8 

-■ 

22-4 


- 

32-6 

28*9 


Table 56. — Non~Frotein Nitrogen mg. % Unlaked ’’). 


Shoep 

No. 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24312 

21-3 





25*4 

19*9 

— 

15*3 

11*9 

17*8 

— 

16*5 

_ 


23*5 

24*3 

29161 

30*6 

— 

— 

23*8 

19*2 


12*4 

15*3 

12*5 

— 

9*4 


— 

27*8 

13*7 

29468 

81-5 

— 

— 

26*6 

— 

— ■ 

12*1 

13*9 

12*0 

— 

15*2 


— 

25*9 

23*6 

29471 

23*5 

— 

— 

22*0 

20 0 

— 

12*9 

— 

— 

— 

— 

— 

— 

— 

— 

29490 

20*4 




21*4 

15*8 

— 

12*6 

12*5 

— 

— 

15 1 

— 

— 

21*1 

17*6 

29503 

25*7 

— 

— 

20*3 

15*8 

— 

12*0 

13*1 

10*8 

— 

12*3 

— 

— 

26*6 

15*2 

AV... 

26* 1 

- 

— 

23*6 

17*3 

- 

13*8 

13*7 

13*0 

- 

13*5 

- 

- 

25*0 

18*8 
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CHEMICAL BLOOD STUDIES VI. 


** Lahed ” Filtrates. 

Miuimum-iDaximum variation, 14‘6-4JJ*2 mg. N %. 
Average, 26 mg. N %. 

Unlaked ” Filtrates. 

Minimum-maximum variation, 8 *6-35 -3 mg. N %. 
Average, 18 mg. N %. 

Average difference, 8 mg. If %. 

The following table indicates the distribution: — 

“ Lalced Filtrates, '' Unlaked ** Filtrates. 


'mg. %. Occurrence. mg. %. Occurrence. 

below 15 2 below 15 27 

■20-20 7 15-20 14 

20-26 22 20-25 23 

25-30 26 above 25 16 

30-35 24 


Laked ” Filtrates. 

32 % of the determinations lie between 25 and 30 mg. If %. 

62 % of the determinations lie between 25 and 35 mg. If %. 

'' Unlaked ” Filtrates. 

32 % of the determinations lie below 15 mg. N %. 

The percentage differences of the laked and unlaked ’’ 
figures vary between 16 % to 48 % with an average of 31 %. 


Table 57. — Urea Nitrogen mg, % Laked 


Sheep 

No. 1 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aur. 

Sept. 

Oct. 

Nov. 

1 

Dec. 

Jan. 

24812 

180 





13-9 

10*6 



60 

6*0 

9*0 

' 

6*4 

— 


13*6 

8*8 

29151 

18-9 

— ' 

— - 

11-9 

6-5 


41 

4*6 

4*6 

— 

41 

— 

. — 

15*7 

4*9 

29468 

181 

— - 

— 

17*2 

— 

— 

2*7 

5 7 

1*4 

— 

9*2 

. — 

— 

17*9 

8*1 

29471 

161 

— 

— 

120 

8-3 


4-9 

— 

— 

— 

— 

— 


— 

— 

29496 

100 

— - 

— 

11-5 

— 

— 

4-8 

3*9 

— ~ 

— 

8*2 

— 

— 

11*8 

9*5 

29503 

16-7 i 

— 

— 

10*6 

8-9 

— 

4*4 

4*3 

1*4 

— 

4*9 

— 

— 

18*1 

7*3 

Ay... 

14-6 

— 

- 

12-9 

8 4 

- 

4*7 

4*8 

3*2 

- 

6*6 

— 

i 

15*4 

7*7 


Laked ** Filtrates, 

Minimum-maximum variation, below 1 0-21 48 mg. N %. 
Average, 9*28 mg. N %. 

Unlaked ” Filtrates. 

Minimum-maximum variation, below 1 0-21 *87 mg. N % 
Average, 9*28 mg N %. 

The following table indicates the distribution of the laked ” : — 


Below 4 12 

4- 5 10 

5- 6 4 

6- 7 5 

7- 8 6 

8- 9 6 

9- 10 5 

10-11 6 

above 11 31 


20 % of the determinations lie between 6 and 9 mg. Jf %. 
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Table 58. — ‘‘ Total Creatinine Nitrogen ing, % Laked *'). 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24312 

29151 

29468 

29471 

29496 

29503 

2*3 

2-3 

2*4 

2*4 

2-3 

2*2 

2*6 


2*2 

2*1 

2*2 

2*2 

2*2 

2*3 

2*1 

21 

2-2 

1*9 

1*9 


2*1 

1-9 

2*0 

2*0 

2*0 

2*0 

2*4 

2*4 

1*9 

2-3 

2*0 

2 2 
2*3 
21 

2*1 



2*2 

2*0 

2*4 

2*2 

2*2 

— 

— 

2*4 

2*6 

2*4 

2*3 

2*4 

2*3 

2*3 

2*2 

2*3 

2-3 

AV... 

2*3 

- 

- 

2 2 

2*0 

- 

2*0 

2*2 

2-2 


2*2 

- 

- 

2*4 

2*3 


Table 59. — Total ” Creatinine Nitrogen mg. % Unlaked 


Sheep 

No. 

Nov. 

Df*e. 

Jan. 

Feb, 

Mar. 

Apl. 

May. 

June, i 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24312 

2*1 

__ 


1*9 

1 7 

— 

1*2 

1*5 

1 8 



1*7 





1*8 

1*7 

*29151 

1-8 

— 

— - 

1 8 

1*7 

— 

1*5 

2*1 

3*7 



1*6 





2*2 

1*9 

29468 

2*0 

— 

— 

1 9 

— 

— 

1*6 

1*6 

1*8 



2*0 





2*0 

1*8 

29471 

1*8 

— - 


1*7 

1*8 

— 

1*6 












29496 

2*0 

— 

— j 

1*7 

1*5 

— 

1*5 

1*9 





Tl 





1*9 

1*7 

29503 

1*8 

— 


1*7 

1*6 

— 

1*5 

1*6 

1*5 

— 

2*0 

— 

— 

2*1 

20 

Av... 

1*9 

- 

- 

1*8 

1 6 

- 

1 5 

1*8 

1*7 

— 

2*1) 

- 

- 

2*0 

1*8 


“ Laked Filtrates. 

Minimuin-maximum variation, 1*71-2 *55 mg. N %. 

Average, 2*22 mg. N %. 

Cnlaked ’’ Filtrates. 

Minimum-max imurn variation, 1*0-2*41 mg. ?f %. 

Average, 1*75 mg. N %. 

Average difference, 0*47 mg. N %. 

The differences betwep ‘‘ laked ’’ and unlaked “ T ^’.C.N. 
vary from 5 % to -‘14 %, with an average of 21 %. 

Table 00. — IJinc-And Nitrogen mg. % Laked 


Sheep 

No. 

Nov. 

Dr;*. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24312 

*29 





•31 

•31 



•28 



•41 

— 

-.32 





•38 

•33 

28151 

.32 

— 

— 

•28 

•23 

— 

•21 

•19 

•31 

— 

•25 

— 

— 

•25 

28 

29468 

*25 1 

— 

— 

•27 

— 

— 

•20 

•18 

'25 

— 

•28 

— 

— 

•19 

■30 

29471 

•16 


— 

•28 

•24 

— 

•25 

— 

— 

— 

— 

— 

— 

— 

— 

29496 

•27 

*35 



•34 I 

•48 

— 

•27 

•22 

— 

— 

*27 

— 

— 

•36 

*40 

29608 

•27 



•26 

•30 

“ 

24 

•18 

28 

— 

*26 

— 

— 

•33 

*32 

Av... 

*26 

- 

- 

•28 

•30 

*- 

24 

17 

30 1 

- 

28 


- 

*30 

•33 


“ Laked ” Filtrates. 

Minimum-maximum variation, below *10-* 52 mg. N %. 
Average, 0*36 mg. N %. 

‘‘ Unlaked ’’ Filtrates. 

Minimum-maximum variation, below 10--24 mg. N %. 

m 



CHEMICAL BLOOD STUDIES VI. 

Table 61. — Amino-Acid Nitrogen mg, % (“ Laked 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

24812 

6-4 





6*7 

8*2 



60 

6*6 

6*4 



7*4 





7*9 

■El 

29151 

6-6 

— 

— 

6*8 

6*8 

— 

6*0 

6-6 

5*4 

— 

5*7 

— 

— 

7*7 

6*0 

29468 

6-9 



6*1 



6*6 

8*4 

51 

— 

6*1 

— 


7*1 

6*3 

29471 

8-6 

— 


01 

70 


6-3 


— 

— 

— - 

— 

— 

— 

— 

29496 

6-8 

8*2 

— 

7-7 

7-8 

— 

7*9 

61 

— 

— 

5*3 

— 

— 

7*9 

6*5 

29508 

6-6 

— 

— 

6*2 

6-7 

— 

5*8 

5*9 

4*9 

— 

5*6 

— 

— 

5*8 

5*6 

AV... 

6'2 

— 

- 

6*2 

7-2 

— 

0*6 

6*1 

6*8 

— 

6*0 

— 

- 

7*3 

0*3 


Table 62. — Amino-Acid Nitrogen mg. % Unlaked 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl, 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dtic. 

Jan. 

24312 

5*9 





5*3 

4*8 



4*4 

3*9 

4*9 



4*2 





6*4 

r* 3 

29151 

5*6 

— 

— 

4*0 

5*1 

— 

4*0 

4*5 

41 

— 

3*7 

— 

— 

5*9 

5 0 

29468 

5*2 

— - 

— 

4*5 

— 

— 

4*9 

3*8 

3*8 

__ 

3*6 


— 

5*9 

5 2 

29471 

5*2 

— 

— 

4*4 

50 

— 

4*2 

— 

— 

— 

— 

— 

— 


— 

29496 

4*7 

6*4 

— 

5*6 

5*6 

— 

4*6 

3*9 

— 

— 

4*7 

— 

— 

6*3 

5*0 

29503 

4*7 

— 

— 

4*4 

5*1 

— 

4*4 

4*3 

3*4 


3 7 

— 

— 

5*4 

4 2 

AT... 

5*8 

- 

— 

4-9 

5*1 

— 

4*5 

4*1 

3 9 

— 

3*9 

— 

— 

6 0 

5*1 


“ Laked. ’’ Filtrates, 

Minimum-maximum variation, 4 *86-7 *14 mg. N %. 

Average, 6*89 mg. N %, 

“ JJnlaked ’’ Filtrates, 

Minimum-maximum variation, 3 04-7 *54’^ mg. N %, 

Average, 4*80 mg. N %, 

Average difference, 1*59 mg. If %. 

The differences of the “ laked ’’ and “ unlaked ” figures vary 
from 0* to 43 %, with the average of 28*5 %. 


Geoup E. 

Sheep No. 28437, Table 63. 
„ No. 31662, Table 64. 
„ No. 31742, Table 65. 
,, No. 31905, Table 66. 
„ No. 32176, Table 67. 

* Vide table id, 12th November, 1931. 
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TABLE 64.— Sheep 31662 




TABLE 65.— Sheep 31742 


J:*. J. XrAMKRSMA 




TABLE 66.— Sheep 31905. 




TABLE 67.— Sheep 32176. 


P. J. ItAMERSMA 
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CHKHICAL BLOOD STUDIES VI. 

Grotjb E (aijc-tooth wethers). 

Table 68. — Haemoglobin gm. per 100 c.c. 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Ap!. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28487 

130 

11-8 





126 

17*2 

14-4 

14-3 

151 

— 

101 


— ' 

12-3 

123 

81662 

12-7 

12’3 

— 

13*3 

13-3 

15-4 

14-7 

— 

— 

— 

— 

— 

— - 

— 


81742 

14-7 

14*3 

— 

— 

14-4 

— 

14-7 

16-2 

16*3 

— 

12'6 

— 

— 

17*5 

14-8 

31905 

12-2 

11-7 


32‘1 

13*2 

14-3 

14-9 

— 

— > 

— 

— 

— 

— 

— - 

— 

82176 

111 

12'4 

— 

— 

13-6 

141 

139 

18-6 

14-7 

— 

11-7 

— 

— 

14-7 

13-9 

AV... 

32-6 

12*6 


12-9 

13-4 

16-2 

14-6 

14-2 

15-6 

— 

11-5 

— 

— 

i 14*8 

1 

13-7 


Mmimum-maximum variation, 10 1-17 6 gm. per 100 c.c. 
Average, 12-18 gm. per 100 c.c. 


The following table indicates the distribution : — 


gm. per 100 c.c. 


Occurrence. 


10- n 3 

11 - 12 8 

12- 13 13 

13- 14 12 

14- 15 16 

15- 16 6 

16- 17 1 

17- 18 5 


25 % of the determinations lie between 14 and 15 gm. pei- 100 c.c. 
and 63 % between 12 and 15 gm. i>er 100 c.c. 


Table 69. — Sugar mg. % (“ Laked ”). 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar, 

Apl. 

May.' 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28437 

87-7 

52*4 





42*0 

84*0 

52*1 

52*6 

46*3 

B 


— 

— 

43*1 

48*7 

31662 

46-7 

45*9 


51 6 

46*1 

68*2 

49*6 

— 

— 




— 

— 

■— 

81742 

39*4 

40*8 

— 

— 

44*3 

— 

41 7 

41*8 

45*8 




— 

50*0 

52*7 

31905 

.50*2 

51*0 


54*6 

49*3 

64*5 

46*7 

— 

— 



— 

— 

•— 

— 

32176 

54* 1 

48*3 

— 

— 

46*6 

66*8 

44*8 

50*0 

58*2 

imjii 


— 

— 

! 43*6 

50*2 

Av... 

i 

45*4 

47*3 

— 

52*9 

46*1 

64*5 

48*0 

48*6 

47*6 

— 

46*1 

— 

-* 

45*5 

i 48*9 


Table 70. — Sugar mg. % (“ UnlaJeed ”). 


Sheep 

No. 

Nov. 

Dec. 

Jan, 

Feb. 

Mar. 

Apl. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28437 

32*4 

42*4 





37*9 

76*8 

45*1 1 

45*1 

87*7 

— 

37*2 

— 

— 

42*0 

34*4 

31663 

40*7 

36*0 

— 

85*4 

40*0 

41-8 

88*6 

— 

— 


«— 


— 



31742 

36*2 

81*4 

— ■ 

— 

83*8 

— 

29*3 

83*0 

38*7 

— 

39*2 

— 

— 

82*3 

86*4 

31905 

45*5 

47*6 

— 

43*7 

40*9 

58*5 

38*5 

— 

— 

— 

— 

— 

— 

— • 

— 

32176 

47*8 

41*7 

■— 

— 

38 9 

46*9 

88*2 

46*3 

44*6 

— 

33*7 

— 

— 

32*3 

86*4 

Av... 

40*9 ] 

39*0 

— 

37*5 ‘ 

37*8 

64*6 

89*3 

42*7 

87*6 

! 

36*7 

— 

— 


35*7 
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Laked ’’ Filtrates. 

Minimum-maximum variation, 36-84 mgm. %. 
Average, 48*4 mg. %. 

U alaked ’’ Filtrates. 

Minimum-maximum variation, 27-76 mg. %. 
Average, 39*6 mg. %. 

Average difference, 8*8 mg. %. 

The following table indicates the distribution: — 


mg. %. Occvrrence. my. %. Occurrence. 

30-35 1 25-30 6 

35-40 9 30-35 10 

40-45 14 35-40 21 

46-50 14 40-45 17 

50-55 22 45-50 10 

55-60 3 50-55 2 

60-65 1 more than 65 ... 1 


more than 65 ... 1 

Laked ’’ Filtrates. 

33 % of the determinations lie between 50 and 55 mg. %. 

77 % of the determinations lie between 40 and 55 mg. %. 

Unlaked ’’ Filtrates. 

32 % of the determinations lie between 35 and 40 mg. %. 

80 % of the determinations lie between 30 and 45 mg. %. 

The differences between laked and \inlaked vary betw’een 
3 % and 34 %, with xin average of 18 %. 

To'J’al Nttrogen. 

Minimum-maximum variation, 2 *4-3 2 gm. N %. 

Average, 2-8 gm, N %. 


Table 71. — Non-Protein Nitrogen mg. % (N.P.N.) Laked '’). 


Sheep 

No. 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. , 

Juu. 

28437 

15-9 

26 6 





24 9 { 

17-9 

23 7 

22 7 

19*6 


17-7 


““ 

27 7 

211 

81602 

34*6 

26 3 

— 

320 

34-7 1 

261 

25 9 

— 

— 

- 

— 

— 


— 

— 

31742 

20*5 

29-2 

— 

; 

24 9 { 

— 

25*6 

26-8 

18 3 

— 

20 7 

— 

— 

37-5 

23-9 

31905 

296 

27-9 

— 

33*2 

25-3 

24-8 

18'5 

— 

— 

— 

— 

— 

— 

— 

— 

32176 i 

30*6 

28 8 

__ 


27 7 

30-5 

23*8 

23'0 

19*5 

— 

17-9 

— 

— 

27-9 

22*9 

AV... 

26' 1 

27-8 

1 

— 

32-4 

26-6 

24-6 

23-9 

1 

23-9 

19 0 

- 

18-7 

— 

— 

310 

22*7 


Table 72. — Non-Protein Nitrogen N.P.N. mg. % (“ Unlaked ’’). 


Sheep 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28487 

11-6 

20-8 





15-7 

11*8 

16*7 

13*4 

12*5 

— 

11-5 

— 

— 

21*6 

13*7 

81662 

23-3 

20*6 

— 

22*6 

262 

161 

18-1 

— 

— 

— 

— 

— 

— 

— 

— 

81742 

12-5 

22-7 

— 

— 

141 

— 

14*7 

15-4 

9-8 

— 

16*7 

— 

— 

270 

15*4 

81905 

18-1 

23* 1 

— 

26*1 

18*7 

16*7 

11*3 

— 

— 

— 

— 

— 

— 

— 

— - 

82176 

18-7 

21-8 

— 

— 

170 

22*9 

14*6 

13-3 

10-9 

— 

12*6 

— 

— 

21*8 


AV.,. 

17*0 

21*6 

- 

23*8 

17*4 

169 

13*8 

13-9 

111 

-■ 

13*6 

— 

- 

23*5 

U'O 
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‘‘ Lahed ” Filtmtea. 

Miiiimuiu-maximum variation, 14 *28-37 *5 m^. If %. 
Average, 25 mg. N %. 

Unlaked ” Filtrates, 

Minimum-maximum variation, 9 * 43-27 0 mg. N %. 
Average, 16 mg. If %• 

Average difference, 9 mg. If %. 

The following table indicates the distribution: — 

“ Laked Filtrates, '' Unlaked Filtrates, 


mg, %, Occurrence, mg. %. Occurrence, 

Below 20 11 Below 10 1 

20-25 21 10-15 22 

25-30 25 15-20 20 

30-35 7 20-25 15 

alK)ve 35 1 25-30 4 


‘‘ Lahed Filtrates. 

38 % of the determinations lie between 25 and 30 mg. N %. 

70 % of the determinations lie between 20 and 30 mg. N %. 

Unlaked ’’ Filtrates. 

35 % of the determinations lie between 10 and 15 mg. N %. 

68 % of the determinations lie between 10 and 20 mg. N %. 

The differences between the laked and unlaked filtrates 
vary from 19 % to 47 %, with an average of 36 %. 


Table 73. — Urea Nitrogen mg, % Laked 


Sheep 

Ko. 

Xov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apl. 

May. 

Jtmc. 

July. 

Aug. 

Sept. 

Oot. 

Nov. 

Dec. 

Jan. 

28437 

4-4 

12-7 





8-6 

5-2 

7-6 

6-3 i 

2*9 



4 9 





13*8 

5*6 

31652 

10*3 

113 

— 

10-8 

10-9 

10-8 

6-5 

— 1 

— 

— 

— 

— 

— 


— 

31742 

6-3 

12 3 

— 

— 

6-2 

— 

5*6 

r 

29 

— 

6-1 

— 

— 

19- 6 

i 5*3 

31005 

6-4 

10-2 

— 

8 3 

8*9 j 

8'9 

5-2 

— 

— 

— 

* — 

— 

— 

— 

1 — . 

32176 

7'4 

10*7 

— 

— 

92 

15-5 

7-9 

4*3 

1-7 

— 

4*6 

— 

— 

13-7 

i 6*6 

Av.. . 

6*9 

10 6 

- 

W 0 

8-4 

101 

6'6 

5'4 

2 7 

— 

5*2 


- 

15*7 

6-8 

1 


“ Laked ” Filtrates. 

Minimum-maximum .variation, below 1*80-19*62 mg. If %. 
Average, 9*6 mg. N %. 

The following table indicates the distribution of the “ laked 
figures : — 

Occurrence, 


Below 4 7 

4- 5 7 

5- 6 6 

6- 7 8 

7- 8 5 

8- 9 8 

9- 10 4 

10-11 5 

above 11 9 


36 % of the determinations lie between 4 and 7 mg. If %. 
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Table 74, — Total ” CreaUnine Nitrogen mg. % Laked 


Sheep 

No. 

Nov. 


Jan. 

Ftsb. 

Mar. 

Apl. 

May. 

June. 

July. 

Auk. 

Sept. 

Oct. 

Nov. 

J)ec, 

Jan. 

28437 

20 

2-4 





2-1 

20 

1-8 

2 4 

2-2 



21 





1-8 

2-0 

:US02 

2-4 

2-8 

— 

2*2 

2*1 

2-2 

2-2 

— 

__ 

— 

— 

— 

— 

— 

— 

31742 

21 

2-6 

— 

— 

20 

— 

2 0 

2 4 

2-1 

— 

2*0 

— 

— 

2-4 

2-3 

31905 

2-3 

2-7 

— 

21 

20 

20 

1-9 

— 

— 

— 

— 

— 

— 

— 

— 

32176 

2 2 1 

2*7 

— 

— 

2*1 

1*9 

19 

21 

20 

— 

2-0 



2-4 

2-6 

Av.. . 

2*2 

2 6 


2-2 

21 

20 

2 0 

2-3 

2*1 

- 

20 

- 

— i 

2-2 

2-3 


Table 7 ^), — “ Total ” C reatmine Nitrogen mg. % Unlaked ’’). 


Sheep 

No. 

Nov. 


Jail. 

Eeb. 

Mar. 

Apl. 

May. 

June. 

July. 

Auk. 

Sept. 

Oet. 

Nov. 

Dec. 

Jan. 

28437 

1-8 

1-8 



i 1-5 

1*4 

1 4 

! 1-8 

1*7 

— 

1-7 



— 

1-5 

1'8 

31062 

1*9 

21 


1 8 

1 1-6 

1 4 

1 1 

— 

- 

— 1 

— 

— 

— , 

— 

— 

31742 

1*9 

2 2 



1 6 

— 

1*6 

I H 

1-6 


1-6 

— 

— 

2-0 

1*6 

31905 

1'9 

2 0 

— 

1-5 

1 1-6 

1 0 

1-4 

— 

— 

— 

— 

— 

— 

— 

— 

32176 

1-9 

20 

- 

— 

1 ^ ^ 

1-6 ! 

1-5 

1*8 

1 6 

— 

1-H 

— 

1 

20 

1-9 

Av... 

19 

20 

- 


1*6 

1 ' 

1*4 

1 8 

1-6 

— 

1-7 

— 

_ j 

1 9 

1-8 


“ Laked Filtrates. 

Miuiiiuun-nmxiuunn variation, I -67-2*81 mg*. U %. 

Average, 2-18 mg. N %. 

Unlaked Filtrates. 

Minimum -maximum variation, 0-98-2 *82 mg. K ‘o. 

Average, 1*78 mg. N %. 

Average ditlerence, 0 *45 mg. Js %. 

The (lifferenoes of the “ laked ” and “ unlaked ’’ T '\C.'N. 
iigures vary between 4 % and 44 %, with an average of 21 %. 


Table 70. — Uric Acid Nitrogen mg. % (“ Laked ”). 


Sheep 

No. 

Nov. 

Dee. 

Jan. 

Eel). 

Mar. 

Apl. 

May. 

June. 

Juh. 

Auk. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28437 

•26 

•29 





•22 

•28 

•24 

— 

26 

— 

•19 

— 


•39 

•30 

31662 

‘39 

•38 

— 

•31 

•23 

•32 

•30 

— 

— 

— 

— 

— 

— 

— 

— 

31742 

•30 

•36 

— 

— 

•24 

— 

•24 

•27 

•31 

— 

22 

— 

— 

•44 

•37 

31905 

•27 

•31 

— 

•29 

•35 

•32 

•23 

— 

— 

— 

— 

— 

— 

— 

— 

32176 

•31 

•28 

— 

, 

•23 

•30 

•24 

•29 

34 

— 

•30 

— 

— 1 

•34 

•25 

AV... 

•30 

•33 

- 

•33 

•25 

•31 

•26 

•28 

•30 


•24 

— 

- 

•39 

•31 


“ ]jaked ” Filtrates. 

Minimum-maximum variation, Less than -10- *44 mg. N %. 
Average, *29 mg. If %. 

‘‘ Unlaked ” Filtrates. 

Minimum-maximum variation, Less than -10- *20 mg, N %. 
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Table 77. — Ammo-Acid Nitrogen mg, % (“ Laked ”). 


Sheep 

No. 

Nov. 

Dee. 

Jan. 

Feb. 

i Mar. 

Apl. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

2S487 

7-2 

6 0 





6-2 

71 

6-7 

5-4 

56 



6*6 

— 

— 

6*8 

5*4 

81602 

6-5 

6*7 

— . 

8*4 

8-2 

6-0 

8-2 

— 

— 


— , 

— 

— 

— - 

— 

31742 

6 0 

6 r> 

— . 

— . 

7-3 

— 

6-3 

4*7 

51 

— > 

7-5 


— 

8-5 

6*8 

31905 

6-0 

6-7 

— 

7*4 

7-4 

60 

6-4 

— 

— 


— 


— 

— 

—— 

82176 

6-7 

60 

— 


7*4 

6-6 

61 

5-3 

.5-8 

— 

6*8 

— 

— 

6-2 

5*7 

AV.. . 

6-5 

6 3 

- 

8-0 

7 2 

6-4 

6-9 

5*1 

5 5 

- 

6'6 

— 

- 

7-2 

5*9 


Tablk 78.- 

—A in ino-A cid Ni trogen 

mg. 

% (“ 

Unhksd ”). 



Sheep 

No, 

Nov. 

Dee. 

Jan. 

Feb. 

Mar. 

At)l. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

28437 

6*4 

i 5-2 





4-9 

4-9 

4-9 

3-9 

3-9 



4-4 





5*8 

4*8 

31662 

6-3 

1 60 

— 

.'>•4 

5-6 

4-0 

5*1 

— 

— 

— 

— 

— 

— 

— 

— 

31742 

40 

50 

, — 

— 

5-3 

— 

4*4 

2*8 

3-6 

— 

4-6 

. — 

— 

5*4 

6*3 

31905 

5*2 

5-2 

— 

4 5 

.5-3 

4 4 

50 

— 


— 

— 

— 


— 


32176 

5*3 

5 4 

— 

— 

51 

4-5 

1 41 

3-7 

4-8 

— 

5 0 

— 

— 

5*4 

4*9 

Av... 

5-1 

51 

- 

' r)-2 

6*2 

4*4 

4-8 

3*6 

4 0 

- 

4 6 

r 

— 

5*5 

6*0 


‘‘ Jjuked Filtrates, 

Mini mum-maxi mum variation, 4 19-7 14 mg. N %. 

Average, 6*89 mg. N %, 

Urilaked ” Filtrates, 

Minimum-maximum variation, 2 -80-5 *79 mg. N %, 

Average, 4*85 mg. N %. 

Average difference, 1-54 mg. N %. 

The difference of the “ laked ’’ and unlaked ’’ figures vary 
from 14 % to 47 % with an average of 30 %, 

(D) GENERAL COMPARISON OF GROUPS A, C, D AND E. 

Hmmofflohin (Hh,), — It seems that no seasonal variations take 
place. 

The Hb. content of the young lambs (B) and young ewes (11) are 
the lowest, while that of the C-tooth vsheep are the highest (C and K) 
(A. 14-7, B. 13-7, C. 16-7, D. 13*2, E. 17 0 gm. per 100 c.c.). 

Sugar , — Green fodder was excluded from the ration in winter, 
being not available, and the blood sugar level of the sheep iiHTeased 
in the case of the sheep of the four older groups (A, C, D, E). That 
the sugar content was affected by the addition of green fodder 
towards December (1932), and the withdrawal again after the analyses 
were done, is evident from Graph III, but a definite conclusion 
cannot be drawn, since in Group A the sugar decreased in the 
laked filtrate from September to December (1932) and increased 
in the unlaked filtrate. From December (1932) the sugar 
decreased in both filtrates. On the contrary in Groups D and E it 
decreased in both filtrates from September to December and increased 
towards January (1933). In Group C the laked level increased 
from September to De(‘ember (1932) and decreased to January (1933), 
while the sugar in the unlaked ’’ filtrate decreased over the whole 
period. (For A and B see Graph III, for C, D and E Tables 30, 37, 
53, 54, 09 and 70.) 
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The blood sugar level of the young lambs (B) is high but 
decreased during the first (>-7 months. The sugar content fell 
gradually showing occ asional rises during the period of transition 
from a higher to a lower level. 


The following figures are given for comparative purposes: — 



mg. %. 


mg. % 

A av. li . 

43 a 

U 

... 35-2 

B av. L . 

57-() 

IT 

... 5()-9 

C av. L . 

40-2 

1" 

... 36-8 

D av. L . 

48-4 

V 

... 38 0 

E av. li . 

48-4 

r 

... 39 0 


The sugar levels of Groups A, C, 1) and E are fairly cdose to 
each other, A being the lowest by a few mg. %. The young lambs 
(B) however, have a relatively much higher blood sugar level. 

The hiked and unlaked ’’ curves both show the same 
general tenden(*ies (Graph III.) 

The average percentage differeiue of the “ laked and 
unlaked figures difler little in the diflereiit groups except in 
Group B which is the lowest. 

(A, 19 %; B, 12 %; i\ 20 %; I), 20 %; E 18 %.) 

Individual difi'erences amongst sheep of the vsame sex and age 
have been noted in all the various groups (c.f. Tables 8, 9, 22, 23, 
30, 37, b3, 54, 09 and 70.) 

Total Xitraffen. — T'so seasonal variations occur with this con- 
stituent. 

The figures for vounger sheep are lower than tliose of the old 
ewes. (A, 3 0; B, 2*8; C, 2*9; B, 2 75; E, 2*8 gm. per 100 c.c.). 
Here also individual differences amongst shee]) of the same sex and 
age have been noted in all the various groups. 

Non-Protein Nifrofjen (N .P,N .), — The content of blood 

is very much ait'e(‘ted by the nature of the diet particularly when 
green fodder is supplied or not (vide Tables 10, 11, 24, 25, 38, 39, 
65, 50, 71, 72, and Graph IV). 

From vSepteinber to December when green forage was supplied it 
rose in all the groups but decreased again during January after such 
forage had been withdrawn for about a month. The J7.P.N. 
decreased during the winter months (March to July, see Graph IV). 

The N.P.N . do not differ to a notable extent in the five groups ; 

mg, N %. mg, N %. 


A av. L 24 IT 10 

B av. L 23 XT 15 

C av. L 26 IT 19 

D av. L 26 IT 18 

E av. L 25 V 16 


The laked ’’ and ‘‘ unlaked ’’ N.P.N. curves have usually the 
same tendencies and run generally parallel to each other (Graph IV). 
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For comparative purposes the following average peieentage 
differences of the average laked ’’ and unlaked ” figures for the 
five groups are stai ed : — 


A 

B 

C 

D 

E 



31 

30 % 


Indiviclual differences are also recorded in all the groups. 

U rea Nitrageji . — The urea nitrogen curves generally run parallel 
with the N.P.N. curves (see e.g. Graph IV). 

As the N.P.N. increases the urea nitrogen per(*entage of the 
N.P.N. increases and vice versa. This is just the opposite to what 
happens in the case of the amino-acids (see Graphs I and IT). 

The following averages afford a ready comparison between tlie 
various groups. 

A av. L 7*0 mg. N % 

B av. L b O mg. 

C av. h 9*8 mg. N % 

D av. L 9*3 mg. N % 

E av. L 9*6 mg. N % 

The average of Group B is the lowest, but it must be noted that 
the lambs were not included from the beginning of the experiment. 

The content of urea nitrogen in the laked filtrate exceeds 
tisually that in the unlaked filtrate, by a very small margin, 
mostly less than 1 mg. N %. 


Individual differences have also been recorded for all the groups 
(see Tables 12, 26, 40, 57 and 73). 

Total Creatini ne Nitrogen . — As in the case of the other 
constituents no definite seasonal variation can be noted (see Graphs 
I, II and IV, and Tables 13, 14, 27, 28, 41, 42, 58, 59, 74 and 75.) 


Again the variations, in the latter part of the experiment where 
the green fodder was added and later withdrawn from the ration, 
should be noted to emphasize the influence of diet on composition. 

The percentage nitrogen of the N.I^.N. tends to change recipro- 
cally as the N.P.N. (in mg. %) varies. 

The following averages are given for comparison: — 

7rhg. N %. mg, N %, 


A L 214 U 1*63 

B L 2 04 r 1-59 

C L 217 r 1*79 

D L 2*22 V 1*75 

EL 218 U 1-73 


The following are the percentage differences between the 
averages of the ^Maked and unlaked figures: A, 24*5 %; 

B, 28 0 %; c, 18 0 %; D, 21 %; E, 21 %. 
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Uric Acid Nitrogen , — Ko definite seasonal variations can be 
jioticed (Graph IV and Tables 15, 29, 43, 60 and 76). 

The percentage nitrogen of the N.P.N. is fairly constant: — 

(A 1-3, 1-3, 11, 10, 1*3, 11, 1*3, 1-3, *57, 1*3.) 

(B *8, -9, 1*2, 1*0, 1*2, 1*3, 10, 10.) 

(C 1*3, *9, 1*0, 1*2, 1*0, 1-4, *51, 1*6.) 

(D *8, *9, 1*2, 1*2, *7, 1*6, 1*2, *9, 1*1.) 

(E 1*1, 1*2, *9, 1*3, 11, 1*2, 16, 1*3, 1*3, 1*4.) 

The following are the laked ” averages: A *28, B *20, C *29, 
1) -30, E *29. The average of Group B is definitely below that of 
the other groups. 

Amino- Add Nitrogen , — The blood amino acid levels do not 
change much towards winter, the levels in all giouiis however 
increasing towards December (1932) and with the exception of C 
decreased towards January (1933) (see Graph IV). 

The percentage amino-acid nitrogen of the N.P.N . increases that 
the urea nitrogen decreases, and the plotted curves consequently 
cross each other for a period during the winter months, most likely 
associated w*ith the change in the ration. Thus the percentage 
amino-acid increases as the N.P.N. content of the blood decreases. 

The following averages are given for comparison : — 


mg. N %, mg, N %. 

A L 6*15 IT 4*43 

B L 6*67 IT 4*60 

C L 6*37 IT 4*57 

D L 6-39 r 4-80 

E L 6*55 r 4*85 


In the case of laked ’’ filtrate of lambs the animo-acid content 
of blood is the highest, whereas for unbaked filtrate the highest 
average is that of Group E (wethers). 

The following figures rejn-esent the percentage differences of the 
averages for the ‘‘ laked ’’ and unlaked ’’ filtrates: A 31 , B 30*5, 
€ 28*0, D 28*5, E 300. 

DiscrssioN. 

Sugar , — A ])os8ible explanation for the rise of sugar in blood 
during the winter may be that the animals at that time require more 
carbohydrate to cater for the necessary energy requirement and thus 
have a higher sugar content in the blood. This change may also be 
partly or wdiolely ascribed to the ration factor. Attention has been 
previously drawn to this aspect. 

Folin (1930) states that his ‘‘ unlaked ’’ blood filtrates are free 
from non-sugar reducing substances. If this is the case the higher 
figures of the laked ” blood filtrates may be ascribed to one or more 
of the following three factors (Benedict, 1928) : — 

(1) The i)resence of non-carbohydrates reducing substances which 
may affect the oxidation agent. 

(2) The presence of non-glucose carbohydrate reducing sub- 
stance (Hawk, 1931, p. 154). 
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(3) The presence of one or more substances in the blood filtrate 
which may cause a change in the copper complex so that the copper 
will be more easily reduced by the glucose or other reducing sub- 
stances present (Hawk, 1931, p. 413; Benedict, 1929; Somogyi, 1927; 
1930, 1931, etc.). 

The first factor is usually regarded as the most essential, although 
Folin and Svedberg and Sjollema state that blood contains large 
quantities of non-glucose reducing carbohydrates. Thus it seems 
that special advantages are attached to the figures of the unlaked 
blood and that the figures are of more value than the laked ” blood 
sugar figures. 

Only one extilanation on the higher sugar content of lamb blood 
can at present be given, viz. the active metabolism going on in the 
young rapid-growing animals. Further research work on lamb blood 
is necessary to elucidate this juoblem. 

N on-protein Nitrogen , — The non-protein nitrogen in the 
laked ’’ blood filtrate is always much higher than in the un- 
laked filtrate. The rest nitrogen in case of unlaked blood 

filtrate is always much less than in the laked filtrate, i.e. the 

sum of the urea nitrogen, total ’’ creatinine nitrogen, uric acid 
nitrogen and amino aci<l nitrogen is approximately the same as the 
non-protein nitrogen. Thus the undetermined nitrogen is small. 

Lower amounts of non-sugar reducing substances go parallel 
with the lower nitrogen content in the various kinds of blood filtrates 
(Somogyi, 1930). 

The amount of non-protein nitrogen varies according to the sub- 
stances of which it is constituted, alterations in the urea level owing 
to the relatively large amount in the blood, particularly affecting 
the N.P.N. (Hawk, 1931, p. 415). 

Urea Nitrogen . — The urea nitrogen is approximately the same 
in the two kinds of filtrates. Asa rule when the urea nitrogen varies 
the non-protein nitrogen is correspondingly influenced. 

An important phenomenon which has been noticed is that the 
urea nitrogen percentage of the N.P.N. falls, while the amino-acnd 
percentage rises. While the essential catabolic end product of the 
proteins in the body is urea, one would not expecit such a fall in 
urea nitrogen, particularly since the amino acid (in mg. N %) 
fraction is so remarkably constant. 

The percentage curves of the other nitrogen*-containing con- 
stituents are also inclined to change in the oi)po8ite direction to the 
urea nitrogen percentage curves, but the percentage nitrogen lost in 
the urea decrease is not made good through the other nitrogen-con- 
taining substances increasing, e.g. a larger percentage of the N.P.N. 
can be accounted for in November and December (1931) than in 
June, 1932 (Group A, Graph I), The percentage rest nitrogen calcu- 
lated on the N.P.N. thus rises towards winter, although the rest 
nitrogen in mg. N % does not rise, but remains relatively constant. 
More accurate control and simultaneous analyses of blood, food and 
faeces would give one a better opportunity to be more definite about 
the deviations, but such research was not included in the original 
object of this work, viz. to furnish normal figures. 
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“ Total ” Creatinine Nitrogen , — ^The “ total ’’ creatinine nitro- 
gen remains fairly constant over the whole period. The unlaked ’’ 
blood figures are relatively lower than the laked blood figures. 
Very little creatinine was found in sheep blood and it was found 
imjiossible to determine this constituent accurately. 

Urie Acid Nitrogen , — The uric acid in the unlaked blood 
filtrate was usually above 50 % less than in the laked ’’ blood 
filtrate. Often the “ unlaked ” was undeterminably small. The 
uric acid nitrogen in unlaked ” blood filtrate is also extremely 
low . 


Amino^Arid Nitrogen . — The amino-acid nitrogen remains fairly 
constant in both filtrates, but the figures in the unlaked ” blood 
filtrate are considerably lower than in the laked bhxid filtrate. 

Finally, it must be noted that (Irouj) A includes three pregnant 
ewes, but sim^e their figures do not show any definite difference as 
com])ared with the other three, it is not discussed here. 


(E) COMPARISON WITH RESULTS OF OTHER WORKERS. 

In s])ite of an extensive search in the available literature no 
data on the (comparative values of lakerl ’’ and unlaked ’’ bl(X>d 
filtrates of sheep could be found. Even the norlnal data by any 
method are relatively scarce and fragmentary referring in many 
(iases to analyses performed on one single sanijde of blood of a few 
animals and rarely more analy.ses on one and the same animal. No 
data extending over any time period of over 14 days or concerning* 
age and sex was available. Furthermore, no nitrogen parlilion 
comjunsing all the constituents detailed in this ])aper has been found, 
the amino-acid nitrogen fraction particularly being generally omitted. 
If the history of the develo])ment of biochemical methods and the 
ra])id strides made during the last decade in the evolution of a more 
accurate technique are considered, these deficiemdes, or rather lack 
of more accurate and complete range of figures for the various con- 
stituents can be readily understood. 


Below some figures gleaned from the available literature have 
been tabulated, together with my own data for comparison. In many 
cases these results were obtained by using different methods, with 
the result that an accurate comparison can hardly be made (Ha^vk, 
1931; Host and Hatlehol, 1920, etc.). To give on example, the 
normal blood sugar figures for the human being obtained by using* 
the following methods differ as follows : — 


Folin-W\i method 

Folin-Malmros and Hagedorn-Jensen methods 
Folin’s modification of Folin-Wu method ... 

Benedict Copper Reduction method 

Somogyi’s method 


90-120 mg. % 

75-105 

75-105 

70-100 

70-100 
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Sugar, 


Year, 

Author. 

Method. 

No. of 
Analyses. 

Mg. %. 

Remarks. 

1911 

Lyttkens and Sand- 
gren (1911) 
Scheunert Pelchr- 
zim (1923) 

Bang 

1 

64 

Plasma. 

1923 

Folin & Wu 

2 sheep 

50*9-71 -4 
Av. 59*8 

Blood “laked** filtrate 

1927 

KleineWger Ab- 
derhalden, Bod- 
anaky (1927) 



64r-61 

70 

70 


1929 

Volker (1929) 

Folin-Wu, Hage- 
dorn-Jenaen 

4 

44-61 

Av. 51*8 

Blood. 

1929 

Norris & Chamber- 
lin ( ’29) 

Maclean 

Slaughter 
house 
blood 64 

42-118 
Av, 61 

64 sheep bled once. 
Wethers, ewes, iambs. 

1933 

Graf (1933) 

Folin & Svedberg 

20 anal. 

37-55*5 
Av. 47*4 

“Laked” blood. 

1933 

Graf 

« 

20 anal. 

31 *3-50* 5 
Av. 39. 

“Unlaked” blood. 

1933 

Hamersma 

99 

46 anal. 

42*7-79*4 i 
Av. 57*6 

3 lambs, “ laked ” blood. 

1933 


99 

46 anal. 

35 *8-70 *9 
Av. 50* 8 

Unlaked ” blood. 

]933 


99 

6 sheep 

80 anal. 

27*0-59*5 
Av. 43*3 

Ewes “ laked ** blood. 

1933 


99 

6 sheep 

83 anal. 

19*6-51*3 
Av. 35*1 

Ewes “ unlaked ” blood. 

1933 


99 

3 sheep 

33 anal. 

34-74 

Av. 46*2 

“ Laked ” blood, 6 tooth 
ewes. 

1933 

» 

99 

3 sheep 

33 anal. 

23-61 

Av. 36*8 

6 tooth ewes “ unlaked ” 
blood. 

1933 

« 

99 

6 lambs 

84 anal. 

34-81 

A V. 48 • 4 

Ewe lambs “laked” 
blood. 

1933 

M 

99 

6 lambs 

84 anal. 

29-63 

Av. 38*05 

Ewe lambs “ unlaked ” 
blood. 

1933 

» 

99 

5 sheep 

65 anal. 

36-84 

Av. 48*4 

6 tooth wethers “ laked ” 
blood. 

1933 

W 

99 

5 sheep 

27-53 

6 tooth wethers “ un« 




§6 anal. 

Av. 39*6 

laked ” blood. 


As will be noticed from tbe above table the blood sugar content 
of sheep under South African conditions is lower than that found 
else where. Unfortunately diet and ages have not been specified in 
most cases and therefore a detailed comparison is not possible. But 
it will be noted that Scheunert and Pelchraim’s hay-fed sheep 
approximate our blood sugar figures. Other figures given by them 
(not incorporated here) indicate clearly the influence of diet on the 
blood sugar content, e.g. sheep receiving a diet of hay, yeast, mealies 
and cocoanut cake (amounts not stated) shows figures up to 89*9 
%• It is ])robable, therefore, that the generally higher level 
found elsewhere is associated with the better quality of food fed; 
furthermore, ihe methods, as already stated, may also play a role. 
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Not} -Protein Nitrogen . 


Year. 

Author. 

Method. 

Number of 
Analyses. 

Mg. N 
Percentage. 

Remarks. 

1913 

Folin & Denis 

Folin & Denis . . 

Sheep 

28 


1923 

Scheunert & Pel- 
chrzim 

Folin & Wu .... 

2 sheep 

7 anal. 

24-42*9 
Av. 31*2 

Fed with hay. 

1929 

Norris & Chamber- 
lin 

Folin 

25 sheep 
bled once 

19-25-40-7 
Av. 28-2 

Ewes and wethers.. 

1929 


« 

26 lambs 
bled once 

14-48-38-2 
Av. 28-8 

Lambs. 

1933 

1933 

Graf 

Folin“Wu 

9 sheep 

20 anal. 

9 sheep 

20 anal. 

13 •6-20*0 
Av. 16*5 
9*4-15*3 
Av. 12*5 

Adult Sheep. 

L Jul. and Aug. 

U Jul. and Aug. 

1933 

Hatuersma 


6 sheep 

86 anal. 

6 sheep 

83 anal. 

3 lambs 

13*39-48*4 
Av. 24*0 
8*72-39*4 
Av. 16*2 

14 • 85-32 * 4 

Adult Sheep L. 

Adult ewes U. 

1 L. blood. 





46 anal. 

3 lambs 

46 anal. 

3 sheep 

Av. 23 
9*31-25*8 
Av. 14*5 
20*98-39*0 

U. blood. 

6 tooth ewe “ laked ” 




28 anal. 

3 sheep 

Av. 26 
10*7-27*4 

blood. 

6 tooth ewe “ unlakcd 




29 anal. 

6 lambs 

Av. 19 
14*6-43*2 

blood. 

6 ewe lambs “ laked ” 




81 anal. 

6 lambs 

Av. 26 
8*5-35*3 

blood. 

Ewe lambs “ unlaked ” 




80 anal. 

Av. 18 

blood. 




1 

5 sheep 

65 anal. 

5 sheep 

14*28-37*5 
Av. 25 
9*4-27*0 

6 tooth wethers “ laked” 
blood. 

6 tooth w’ethers *“ un- 



1 

i 

62 anal. 

Av. 16 

laked ” blood. 


The Htrikiiig' fact here is that under South African conditions the 
Jiou-proteiii nitrog'en is on the whole so excejdionally low. This is 
again jirobably associated with the ration and climatic environment 
(drought;. The figures ol)tained by Norris and Chamberlin were 
gathered under what must be considered unfavourable conditions, the 
blood being collected at a slaughter-house and, therefore, represent- 
ing “ mixed ’’ blood, i.e. both venous and arterial. Furthermore, 
the time interval ])efore analyses (3 hours) was too long to obtain 
accurate results. This can be clearly seen when adding the nitrogen 
containing constituents which, in vsoine cases, then approximate the 
non-protein nitrogen figures although total creatinine and amino- 
acid nitrogen are not even included, i.e. the N.P.N. in these cases 
must be too low or one or other constituent, probably urea, must be 
too high, or both alternatives may also be possible. 
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Urea Nitrogen. 


Year. 

Author. 

Method. 

Number of 
Analyses. 

Mg. N 
Percentage. 

Remarks. 

1913 

Folia A Denis .... 

Folin & Denis. . 

Sheep 

130 


1923 

Scheunert k Pel- 
chrzim 

FoHn-Wu 

2 sheep 

7 anal. 

7-6-231 
Av. 12 0 


1929 

Norris & Ohambor- 
lin 

Maclean 

55 Sheep 
once each 

6- 26-21 *8 
Av. 12-8 

Wethers, ewes and 
lambs. 

1933 

Graf 

Folin & Svedbei^ 

9 sheep 

20 anal. 

31-7-3 
Av. 4*9 

“Laked” blood. Jul. 
and Aug. 

1933 



9 sheep 

20 anal. 

3'0-7-3 
Av. 4 7 

“ Unlaked *’ blood. Jul. 
and Aug. 

1933 

Hamersma 

)» 

6 sheep 

80 anal. 

1 •85-31*5 
Av. 7*56 

“ Laked blood. Adult 
ewes. 


« 

St 

6 sheep 

80 anal. 

Less than 
l-5-31'5 

“ Unlaked ” blood. 

Adult ewes. 


" 


3 lambs 

45 anal. 

Less than 
1*5. 17*69 
Av. 6-6 

“ Laked ” blood. 


it * 

99 

3 lambs 

45 anal. 

[ Less than 
1*5-18*05 

“ Unlaked ” blood. 


n 


3 sheep 

28 anal. 

1 *5-20*78 
Av. 9*83 

6 tooth e\^e. “ Laked *’ 
blood. 



; 

3 sheep 

28 anal. 

1 *.5-17*24 

“Unlaked” blood. 6 
tooth ewes. 



$9 

6 lambs 

84 anal. 

6 sheep 

84 anal. 

1*5-21*48 
Av. 9*28 
1*5-21 -87 

Kwe lambs. “ Laked ” 
blood. 

Ewe lambs. “ Unlaked ” 
blood. 


u ....... 

99 

5 sheep 

59 anal. 

1*5-19*62 
Av. 9 • 6 

“Laked” blood. 6 

tooth wethers. 


« * 

99 

5 sheep 

59 anal. 

1*5-19*84 

6 tooth wethers. “ Un- 
laked ” blood. 


As the South African N.P.N. fi<]^iires are relatively low, the lo<»:ic 
conclusion is that the urea nitrogen must also be low, since this N 
fraction is normally responsible for from 13 % to over 50 % of the 
If.P.N. nitrogen. 
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Uric Acid Nitrogen, 


Year. 

Author. 

Method. 

Number 

Analyses. 

Mg. N 
Percentage. 

Remarks. 

1913 

Folin & Denis (^).. 

Folin & Denis.. 

Sheej) 



•05 


1U14 

Steinitz 

— 

Sheep 

l-0~l-5 


1929 

Norris & Chamber- 
lin 

Benedict 

34 sheep 
each once 

•71-1-72 

Wethers. 

1929 


« 

28 lambs 
each once 

•90-1 -.56 


1933 

Graf 

Folin 

9 sheep 

20 anal. 

•15-26 

Av. -22 

“ Laked ” blood. 

1933 

- 

- 

9 sheep 

20 anal. 

JO- 22 
Av. 13 

“Unlaked” blood. 

1933 

H amersma 


0 sheep 

08 anal. 

Less than 
•10—48 
Av. -28 

“ Laked ” blood. Adult 
ewes. 

1933 




0 sheep 

68 anal. 

Less than 
•10-30 

“ Unlaked ” blood. 

Adult ewes. 

1933 

w 

••••••••••• 

3 lambs 

45 anal. 

Less than 
•10—43 
Av. -20 

“ Laked ” blood. 

1933 

•• 

># 

3 lambs 

4.5 anal. 

Less than 
10-24 

“ Unlaked ” blood. 

1933 

” 


3 sheep 

28 anal. 

45 anal. 

Less than 
08-52 
Av. -29 

6 tooth ewes. “ Laked ” 
blood. 

1933 



" i 

3 sheep 

28 anal. 

Max. • 19 

6 tooth owes. “ Un- 
laked ” blood. 

1933 

" 


6 lambs 

84 anal. 

Less tlian 
•08- .52 
Av. -36 

Rwe lambs. “ Laked ** 
blood. 

1933 

>1 

1 

6 lambs 

84 anal. 

Max. • 24 

Ewe lambs. “Unlaked** 
blood. 

1933 

” 


5 sheep 

59 anal. 

1 Less than 
j -08-44 

1 Av. -29 

6 t/ooth wethers. 

“ Laked ” blood. 

1933 

" 

.. 

5 sheep 

59 anal. 

Max. -20 

6 tooth w^ethers. “ Un- 
laked ” blood. 


With the excej^tion of (I) less uric acid has been found under 
South African condition.s than has been found by other workers. 
Durinj^* the analyses i1 was found that parily coaf»ulated blood was 
higher in uric acdd nitrogen (e.g. 1*3 mg*. Is %), but such blood was 
always discarded. 

(F) GENERAL SUMMARY. 

1. Laked ’’ and unlaked ’’ blood filtrates of 23 sheep of 
various ages were analysed. 

2. The blood analyses were done over a period of 15 months in 
the case of 20 sheep, and 11 months in the case of 3 lambs. The vsame 
animals have always been used during the stated i)eriod. 

3. Determinations of all the groups have been made for haemo- 
globin, total nitrogen, urea nitrogen, total ” creatinine nitrogen, 
uric acid nitrogen and amino-acid nitrogen in the two blood filtrates 
respectively . 

4. The normal range and the average of each constituent, 
together with the average difference %, etc.., of all the groups are 
given. 
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5. Graphs of two groiii>s (A and B) of the 5 groups illustrate 
the averages of all the constituents (except Hb, and T.N.) of the 
blood over the stated periods; and other graphs the nitrogen con- 
taining substances (except T.N.) expressed as per cent, of the N.P.N. 

6. Comparisons of the results with those of other workers are 
included. 
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Researches into Dips and Dipping. 


A. Lime-Sulphur Dips. 


Paper IV. Further Studies on the Colorimetric 
Method as a Rapid Means of Control of 
Polysulphide Solutions.* 


]{y T. J. W1I.KK\-.I()1{])KN, D.Kc ., 

Onderstepoort . 


Dip Keseairli (Chemist, 


In a previous study of tlie colorimetric method as applied to poly- 
sulphide solutions — Pa})er A. 111. — it was shown that under ijertaiu 
conditions solutions of the ]>olysulphides of calcium conform to 
Beers Law, that is that the colour intensity is a linear function of 
the concentration. It. was also shown, however, that field conditions, 
esi>ecially the pro(‘ess of dipping', aft'ect these solutions to such an 
extent that this relation between colour intensity and concentration 
no longer holds. As a result of rather intensive dippinpr all di]>s 
bec'oine maikedly turbid, and of these a very laif’-e percentaf 2 :e retains 
their tiirl)idity even after standing unmolested for some months. 
Apart from this, di])])ing’ invariably results in aiipreciable amounts 
of suint alkali constituents entering the dip with the result of a 
partial base exchange being effected. Thus not only the reaction 
of the solution is changed, but some of the calcium polysulphides 
are also re]daced by alkali j)olysul])hides. 

As a result of these observations it was decoded to study the effect 
o\' the reaction of the medium on the relation of colour intensity to 
polysul])hide (concentration. For this purpose the effect of both 
sodium hydroxide and sodium carbonate on the colour characteiistics 
of the polysulphides of sodium were studied. A solution of sodium 
polysulphide was pre})ared by boiling a concentrated solution of 
sodium sulphide with excess flowers of sulphur, diluting this con- 
centrate somewhat, filtering, and making up to a fairly large volume. 
In this way a stock solution containing 5.10 gm. polysulphide sulphur 
per 100 c.c. was obtained. This stock solution was protected against 
atmospheric oxidation by covering its siirfa(*e with a layer of 70-80® 
benzine. For the experiment under (consideration 5*0 ('..c. of this 
stuck solution were carefully pipetted into a 50 c.(‘. measuring flask 
containing a few cubic centimetres ()f benzine, tlie sides of the 
flask immediately rinsed down with distilled water, and then different 

* This work has been carried out with the aid of a grant from the Empire 
Marketing Board. 
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amounts of N/1 IfaOH or 9 per cent, sodium carbonate (9 ^m, 
TfaaCOa — anhydrous — per 100 c.c.) added as required; the solutions 
were then made up to volume. The thus prepared solutions were 
allowed to stand at room temperature, and compared colorimetrically 
from time to time with the polysulphide solution to which no alkali 
had been added. After this the solutions were analysed by the 
volumetric cadmium acetate method (Paper II, A.). 

Considering? first the colorimetric analyses, the apparent 
polysulphide concentrations so obtained at different reaction times 
and different sodium hydroxide concentrations have been tabulated 
in Table I. All concentrations have been expressed in ^m. poly- 
sulphide sulphur per 100 c.c. solution. 

TABLE 1. 


Effect of NaOIf on — Colorimetric, 



After 

10 hrs. 

1 After 66 hrs. 1 

After 115 hrs. 

After 236 hrs. 

(U., N/1 
NaOH added 
per 50 c.c. 



1 


1 


1 


1 (^olor. 
reading. 

P.S.S. 

cone. 

(app.). 

(^olor. 

reading. 

P.S.S. 

cone. 

(app.). 

C’olor. 

reading. 

P.S.S. 

cone. 

(app.). 

CJolor. 

reading. 

P.S.S. 

conr. 

(app.). 

0 0 c.c 

20 

i 0*510 

20 

1 

0*510 

20 

0*510 

20 

0-510 

0*1 c.c 

21 

0*485 

22 

0*463 

22 

0*463 

22 

0*463 

0*4 c.c 

25 

0*408 

28 

0*364 1 

29 

0*352 

28 

0*364 

1 *0 c.c 

30 

0*340 : 

35 

0*290 

36 

0*284 

38 

0*268 

2*0 c.c 

32 

0*318 : 

37 

0*275 

40 

0*255 

43 

0*238 

10*0 c.c 

36 

0*284 i 

! 

45 

0*226 

48 

0*212 

1 

52 

0*196 


P.S.S. = polyBulphide sulphur. 


These apparent polysulphide concentrations have been calculated 
from the colorimetrh* readings by 'assuming* that the ])oiysulphide 
concentration remains proportional to the colour intensity. Initially, 
however, all solutions contained the same concentrations, since in 
every case 5 c.c. of the same stock solution were diluted to 50 c.c. 
Hence, judging by the marked fall in the apparent polysuliihide 
concentration — from 0*510 to 0190 — a distinct change in the nature 
of the initially present polysulphide must liave occurred. 

Since sodium hydroxide reacts with elementary sulphur according 
to the equation: — 

6 NaOH-f (2J- + 2) S 2 Na^S^ H- Na^O^ -f 3 H^O 
forming sodium poly sulphides and sodium thiosulphate, it may be 
expected that this alkali will also rea<*t with the sulphur of higher 
polysulphides forming lower polysulphides and thiosulphate, and 
consequently increasing the monosulphide sulphur equivalent. This 
type of reaction, which we shall in future refer to as Reaction I, may 
thus be represented by some of the following reactions; — 

(1) 10 Na,S, + 6 NaOH-^ 12 + NaaS,03 + 3 H,0. 

(2) 4 NaA + G NaOH 6 NaA + NaAO,-f 3 H,0. 

(3) 8 NaA + G NaOH 2 NaA + « Na.S.-f Na,SA + 3 H/) 
etc. 
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To what exieiit these reactions influence the figures tabulated in 
Table I may be deteiminecl by considering* the ^analytical data 
tabulated in Table JI. 


TABLE II. 

Effect of XaOH on anaJifned after 2'3(> hours. 


C.c. N/1 
NaOH |x*r 
50 c.c. 

Thiosul- 
.sulphatc 
(Kin. S/1 00 
C.C.). 

M.S.S.E. 
(gm. 8/ 1 00 

C.C.). 

F.P.S.S. 
(gm. S/100 
c.c,). 

Polysiil- 

phide 

(gm. S/100 

C.C.). 

Total 8 
(calculated) 
(gm. S/100 

C.C.). 

X (in 
NagSx). 

0*0 c.c. 

0-020 

0-111 

0-399 

0*510 

0-530 

4-60 

0-1 c.c. 

0-024 

0-107 

0-390 

0-497 

0-521 

4-64 

0*4 c.c. 

0*031 

0-113 

0-387 

0-500 

0-531 

4-42 

1*0 c.c. 

0-033 

0-110 

1 0*377 

0-496 

0-529 

4-17 

2-0 c.c. 

0-045 

0-120 

0-368 

0-488 

0*533 

4-07 

10- 0 (‘.c. 

0-045 

0*122 

0-365 

1 

0-487 

0-532 

4-00 


M.8.N.K. ” Monosulphide sulphur equivalent. 

F.P.S.S. -=■ Free polysulphide sulphur (see previous reports). 


I'roin ihe figures recorded in the last (*olumn of the above table 
for th(' atomic ratio of sodium to sulpluir we note that there is some 
decrease in the average order of the polysulphides. There is also a 
small (‘orresponding increase in the thiosulphate and monosulphide 
sulphur equivalent. However, as has also been observed by (Ireen 
(1915), the clianges noted are small, the actual polysulphide concen- 
tration only decreasing from 0*510 to 0*487 gm. sulphur per 100 c.c. 
It is clear, therefore, that the chemical interaction described under 
Reaction I cannot exi)lain why the apparent polysulphide concen- 
tration should, undei* the same conditions, fall from 0-510 to 0*190 
gm. suly)hur ])er 100 c.c. 

To explain this observation, i.e. why tlie colour intensity of the 
]>olysuli)hides in solution decreases vso markedly on adding sodium 
hydroxide, there would aiq^ear to be only two i)ossible explanations. 
Either the sodium hydroxide, probably in dissociated form, is in 
some way or other linked on to the .still unsaturated sulphur atoms 
of the polysulphide molecule forming a new (‘onijilex compound with 
a much lower colour intensity, or the inorganic polysiilphides in 
solution, like the organic' polysulphides, are capable of existing in 
different iscmieric forms with diffei*ent colour intensities. The 
further discussion of this highly interesting observation, however,, 
must be considered beyond the scope of the present ])aper. 

Proceeding now to the effect of sodium carbonate on the poly-- 
sulphides in solution, a similar state of affairs is revealed. Calcula- 
ting again the apparent polysulphide concentrations from the colori- 
metric readings by assuming that the polysulphide concentration 
remains proportional to the colour intensity, we again find an 
appreciable fall in the apparent concentrations. 
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TABLE IlL 

Effect of Sa^CA)^ on 1 X 02 ^ 4 ^^ — roJorivietric. 


C.c. 9% 

NajjCOg 

added pf*r 
50 o.c. 

After 45 hours. 

After 168 hours. 

After 360 hours. 

C'olor. 

reading. 

P.S.S. 

cone. 

(apparent). 

Color. 

reading. 

P.S.S. 

oonc. 

(apparent). 

Color. 

reading. 

P.S.S. 

oonc. 

(apparent). 

0*0 c*.c‘. 

20 

0-510 

20 

0-510 

20 

0*510 

0*1 c.c. 

21 

0*485 

21 

0*485 

21 

0*485 

0*4 c.c. 

21 

0*485 

22 

1 0*463 

23 

0*443 

1 *0 c.c. 

23 

0-443 

24 

0*424 

24-5 

0*416 

2«0 c.c. 

24 

0*424 

26 

0*.392 

29 

0*352 

10 0 c.c. 

28 

0*364 

30 

0*340 

36 

0*284 


P.S.S. = Polysulphide sulphur. 


(Jompariiig* this fall in apparent polysulphide concentration— 
from O r)l() to 0*284 gin. sulphur per 100 (*.c. — with ihe actual change 
in the concentration as revealed by chemical analysis, we again find 
that i-he appreciable change in apparent (*on(^entration cannot be 
ac(‘ounfed for by the type of reaction grouped under Reaction I. 


TABLE IV. 

Effect of Na 2 (A >2 on — (tnalf/sed offer ‘iOO hours 


C.c. 9<% 
NaaCOa 
per 50 c.c. 

1 

t Thiosul- 
1 phate 
(gm, S/100 

C.O.). 

M. 1 S.S.E. 
(gm. S/100 

C.C.). 

F.P,S.S. 
(gm. S/IOO 
e.c.). 

Polysul- 

phide 

(gm. S/100 

C.C.). 

Total S 
(calculated) 
(gm. 8/ 100 

C.C.). 

X (in 
NaaSx). 

0-0 c.c. 

0-020 

0*111 

0*399 

0*510 

0*530 

4*60 

0 • 1 c.c. 

0-030 

0*111 

0*390 

0*501 

0-531 

4*51 

0*4 c.c. i 

0-028 

0*111 

0*390 

0*501 

0*529 

4*61 

1*0 c.c. 

0*030 

0*113 

0*386 

0*499 

0*529 

4*41 

2-0 c.c. 

0 027 

0*113 

0*388 

0*501 

0*528 

4*43 

10*0 c.c. 

0*042 

0*M4 

0*380 

0*494 

0*536 

4*33 


M.S.S.K. = Monosulphide sulphur equivalent. 
F.P.S.S. Free polysulphide sulphur. 


As a result of these observations on the effect of alkali on the 
colour of polysulphides, the practical application of the colorimetric 
principle was further studied by adding excess alkali to the calcium 
polysulphide solutions. For this purpose sodium carbonate was 
found most useful, sin(*e firstly it converts all polysulphide to 
alkali polysulphide, and secondly precipitates the matter in suspen- 
sion along with the calcium carbonate. To make this clarification of 
the solution more complete some absolute alcohol Was also added, the 
polysulphides of the alkali metals being soluble in alcohoL 
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For the purj)ose of studying the effect of this treatment on the 
colour intensity of the solutions, a calcium polysulphide stock solution 
of known composition was suitably diluted to give a series of poly- 
sulphide solutions ranging from 0*14 to 1*44 gm. polysulphide 
sulphur per 100 c.c. In making up these solutions the required 
amount of stock solution was pipetted into a 50 c.c. measuring flask 
containing 10 (*.(‘. of a 9 per cent, sodium carbonate solution and 
5 c.c*. absolute alcohol, and the mixture immediately made up to 
50 c.(\ After shaking up thoroughly, the solution was immediately 
filtered through a dry filter into a dry 50 c.c. bottle containing a few 
(*.c. of benzine. The thus prepared solutions were then immediately 
compared nndcu* the (‘olorimeter against a set of standard pure 
potassium di(*hromate solutions. All concentrations have been 
expressed in gni. per 100 c.c. solution. 

TABLE Y. 


Kffvrt (if Trecitiihent on Polysulphide C<*n<'entTatiun . 


1 

CJone. 

polyHulphiclo 
useti as C^aS 4 ^ 

Colorimeter 

setting. 

Concentration 
of KgC’i-aOy 
standard. 

j 

Colorimeter 

reading 

(average). 

KaCrgO, 
corresponding 
to poly sulphide 
used. 

014 

20 

oo:i 

40-2 

0 06\ 

0* 14 

20 i 

0*00 

17-0 

005/ 

0-29 

20 

0 00 

31 0 

0 09\ 

0-29 

20 

0 09 

22-0 

010/ 

0-44 

20 

0 09 

37 0 

1 0-17\ 

0-44 

20 

0 12 

26-0 

016/ 

()-57 

20 

0 12 

39-0 

0*23\ 

0 57 

20 

()• 18 

28*0 

0*25/ 

0 72 

20 

OlH 

36-5 

0-33\ 

0'72 ; 

20 

0 24 

30 0 

1 0-36/ 

1 • 00 

20 

0-24 

410 

0-49\ 

J(M) I 

20 

0*30 

36 d) 

0-54/ 

Mf) : 

20 

0-30 

38 o 

O-osI 

ll.H ! 

20 

0-42 

33*5 

0-70/ 

]-44 i 

20 

0-42 

42-5 

0*89\ 

144 

1 

1 

20 

0-,-»4 

33-0 

0-89/ 


Table Y. thus gives the colorimetric relationship between poly- 
sulphide concentration and the corresponding potassium dic‘hroniate 
c^oncent ration over a range of polysulphide conc*entrations of 0*10 to 
l*44gm. suljdiur per 10() c.c. solution. 

Using this relationship, and treating a number of lime-suli>hui’ 
dips obtained from the field in a similar manner, it was found that 
the polysulphide concentration of all the clips studied could be deter- 
mined with a fair amount of accura(*y. For this purpose 25 c.c. 
of the dip sample as received was pi})etted into a 50 c.c. measuring 
flask containing 10 c.c. of 9 per cent, sodium (carbonate and 5 c.c. 
absolute alcohol, the mixture made up to volume, shaken up, and 
immediately filtered through a dry filter into a dry bottle containing 
a few^ cubic centimeters of benzine. By thus decreasing the chances 
of oxidation to a minimum, a perfectly clear filtrate w^as obtained in 
every case. If, during the process of filtering, the filtrate is not 
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protected against the atmospheric oxygen, it often soon becomes 
turbid due to the formation of elementary sulphur. Laboratory 
experience has shown that polysulphide solutions, adulterated by the 
process of dipping, display a much greater seuvsitivity towards atmos- 
pheric oxygen than pure polysulphide solutions. 

In the following table — TableVI — the colorimetric analyses 
obtained as above have been compared with the actual analyses 
obtained with the volumetric cadmium acetate method. 

TABLE VI. 


ColorinhCtric Analyses of Field Dips, 




K.CrjO^ 

Polysulphide 

found 

colorimetrically 
(gm. 8/100 c.c*.). 

Poylsulphide 

X (in Ca8x). 


Dip. 

standard used 
(gm./lOO O.C.). 

actually present 
(gm. 8/ 100 O.C.). 


r 1 

0-06 

0*23 

0-24 



2 

012 

0-40 

0 46 

5-25 


3 

0-12 

0*42 

0-45 

4-6 

tc 

4 

0-24 

0-44 

0*44 

4-2 

rd 

SS 

5 

0* 12 

0-44 

0-47 

5-0 


6 

012 

0-44 

0-52 

5-2 

A 

7 

0-24 

0-49 

0-47 

4-5 

h 

Ph 

8 

0-24 

0-50 

0-46 

4-4 

9 

0-24 

0-50 

0-54 

4-9 


10 

0-42 

0-62 

0-50 

4-2 

P 

tJ 

11 

0*24 

0-66 

0-59 

4-4 

12 

0-24 

0-66 

0-76 

4-6 


13 

0-24 

0-73 

0-86 

4-8 


14 

0*42 

1-01 

1-15 

4-4 


ri5 

012 

0-23 

0-22 

1-9 


16 

012 

0-42 

0-42 

4-0 

S 

17 

0*24 

0-,45 

0-39 

4-4 

i 

18 

0-24 

0-66 

0-r>6 

3-9 

s 

19 

0*42 

0-61 

0-55 

2-8 

20 

0-24 

0-61 

0-61 

3-5 

k 

21 

0-24 

0-68 

0-72 

3-9 

22 

0-24 

0-69 

0-72 

4-6 


23 

0-42 

0-77 

0-68 

3-9 


24 

0-24 

0-77 

0-85 

4*5 


25 

0-24 

0-82 

0-83 

4-0 


The results show that for all purposes of field control the (colori- 
metric method as here described gives (luite satisfactory results. The 
accuracy of the method would seem to be influenced neither by the 
process of dipping nor by the atomic ratio of metal to sulphur in the 
dipwash analysed. If this finding can be substantiated on a still 
wider range of dip samples the main difficulty in the rapid analysis 
of lime-sulphur dip- washes has been overcome, although at this stage 
we are not in a position to give a full explanation of the observations 
made, since the true nature of lime-sulphur solutions, their behaviour 
on oxidation, etc., are all questions awaiting further intensive 
research. However, the possible adaptation of this colorimetric 
principle as a basis for evolving a simple field method of control is 
sufficiently promising to warrant its fuHher study. 
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SUMMARY. 

As a continuation ot the preliminary study of the colorimetric 
method as a rapid means of (*ontrol of polysulphide solutions, the 
effect of free alkali on sodium polysuljihide solutions at room tem- 
perature was studied, since in the process of dippin^^ tlie washing-out 
of the suint of the fleece results in the interaction ot dipwash with 
alkali and in the formation of alkali polysulphides. It wns found 
that the chemical interaction, as revealed hy ordinary chemical 
analysis, is slight, though tlie colorimetric study reveals a marked 
change in chemical nature. This change was ascribed, cuther to the 
formation of a com])lex coniiuiund between the alkali and the poly- 
sulfihide, or to the existence of different isomers of the polysulphides 
in solution. The observation that held samples of lime-sulphur can- 
not be directly compared colorimetrically is thus partially exjflained. 

It was further vshown that the addition of ex(*ess sodium carbonate 
and alcohol causes immediate preci])itation of all turbidity-forming 
materials, rendering a perfectly (dear solution of Ihe alkali poly- 
sulphides Avhicdi can be matched against a potassium dicdiromate 
standard. In this way fairly a(‘curat(‘ values were obtained with 
both used and unused lime-sulphur dip washes. It is proposed to 
ap]dy this (‘olorimetric principle for evolving a simple fleld method 
of control. 
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Researches into Dips and Dipping. 


A. Lime-Sulphur Dips. 


Paper V. The minimum effective concentration 
of Lime-Sulphur Dips for Sheep scab eradication. 

By 

(r. A. II. BEDFCJKJJ, Research Officer, Oii(lersteiK>ort, and 
T. J. WILKEN-JORDEN,* D.Sc., Dip Research Chemist, 

( )iiderhte]>oorf . 


Tirv: official sfreu^th of lime sulphur dips, viz., 1*5 per cent, sul- 
phide sul])hur — ^recomiiieiided hj tke Union Deparfment of Agricul- 
ture seems to have beeji adopted as a result of the specifications of 
the American Bureau of Animal Industry. In the American B.A.l. 
Order No. 2()d of 1st »luly, 1919, it is s])ecified that lime-sulphur 
baths shall be maintained at a vstrength of not less than IJ i)er cent, 
of “ sulj)hid sul])h\ir Regarding the lowest effective strength 
it is interesting to note thereaneiit the precise wording of the Order 
(pp. 19-20) : “ No di]) other than the lime-sulphur or the nicotine 

dip will hereafter be given De])urtm(*ut ])ermiBsion for use in oflicial 
dipping for scabies, unless it has been shown to the satisfaction of 
the Bureaxi (1) that the strength of the bath j)re])ared therefrom may 
be satisfactorily determined in the field by a practical X)ortable testing 
outfit; (2) that under actual field (X)nditions the dip])iiig of cattle 
in a bath of definite strength will effectually eradicate scal>ies 
infection without injury to the animals dipped rrom this one 
is led to conclude that the Bureau considered any appreciable devia- 
tion from this s])ecified strength of 1*5 i)er cent, as a rather serious 
matter. Whether this attitude on the ])art of American authorities 
has sul)se({uently been chang*ed in any way, xve have not been able 
to determine. 

However, ceitain experiments carried out at (Jnderstej)oort in 
1915 by Bedford and Green with soda-sulphur (sodium ])oly sulphide) 
solutions show'ed that the minimum effective concentration against 
sheep scab must be somewhere betw^een 0*31 and 0*64 pei* cent. ])oly- 
Bulphide sulphur. In a Bulletin issued by the Union Minister of 
Mines and Industries, Green (1919) suggested that the American 
standard of 1*5 jrer cent, suljbide sulphur for sheej) scab was 
empirical and in all probability unnecessarily high. A strength of 
1 per cent, was suggested as adequate. 

*This work has partially been carried out with the aid of a grant from 
the Empire Marketing Board. 
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In tlie following exj)eriment, conducted at OnderstejKiort, an 
attempt was made to determine the actual minimum effective con- 
centration. The sheep were dipi>ed individually, each animal being 
kept immersed for a full two minutes and its head ducked twice 
during this o]ieration. A second dipping was given nine days after 
the first. In every case the ears were thoroughly hand-treated with 
a mixture consisting of two parts linseed oil to one part paraffin. The 
different groui)8 were, isolated in different pens, care beuig taken not 
1o x)ut a dii)ped gvowp back into a still infected pen. 

Experiment No. 4o89. 

Test No, 1. 

10.3.1932. The following six sheep badly infected with scab dipped 

in Capex Lime-sulphtir (strength 0*92 iier cent. 
l)olysulphide su]])hur) : Nos. 31158, 31589, 31831, 
31951, 31999 and 33100. 

19.2.1932. Second dipping. Strength 0*85 per cent, polysulphide 

sulphur. 

20.2.1932. Sheep No. 32100 died of general debility due to scab 

infection. 

Hcfutlt . — No scab parasites w’ere found on the sheep either after 
the first dipjiing or up to six months after the second di[)piiig. 

Test No, 2, 

10.2.1932. The following six sheep badly infected with s(‘ub dip]»ed 

in CUij)ex Lime-sulphur (strength 0*72 per cent, poly- 
sulphide suljhur): Nos. 31690, 31695, 32083, 32144, 
32276 and 32354. 

13.2.1932. Sheep No. 32354 died. 

20.2.1932. Secx)nd dipping. Strength 0*77 per cent. poly8ul])hide 

sulphur. 

Result, — No scab parasifes were found on the shee]) either after 
the first dipping or up to six months after the second di])ping. 

Test No, 3, 

16.2.1932. The following six sheep badly infected with scab di]>])ed 

in Capex Lime-sul])hur (strength 0*47 per cent, poly- 
sul])hide sulphur): Nos. 31141, 31143, 31665, 31781, 
32166 and 32314. 

25.2.1932. Setiond dipping. Strength 0*47 3 )er cent. polysul])hide 

sulphur. 

1.3.1932. Sheep No. 31143 died as a result of scab infection and 

myiasis. 

Result. — No scab parasites were found on the sheej) either after 
the first dipping or uj) to six months after the second di])j)ing. 

Test No. 4. 

5.4.1932. The following six sheep badly infected with scab dip])ed 

in Capex Lime-sulphur (strength 0*29 per cent, poly- 
sulphide sulphur): Nos. 31488, 31645, 31715, 31922, 
32028 and 32200. 

14.4.1932. Second di])ping. Strength 0*31 i>er cent. j>oly8ulphide 

sulphur. 

Result,— scab jiarasites were found on the sheep either after 
the first dipping or up to six months after the second dipping. 
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Tent No, 5. 

1.6.1932. The following six vsheej) badly iiifenled with vscab dipped 

ill Capex Liuie-siiljihiir (strength 0*2 ])er cent, jioly- 
sul])hide sulphur): Nos. 27589, 28700, 31166, 31540, 
31967 and 32133. 

6.6.1932. A few live acari found on eacii of the sheej). 

10.6.1932. Second dijipiiig. Strengih 0*2 ])er cent. ])olysiilphide 

sulphur. 

12.7.1932. All sheep found 1o be infected. 

Rcffolt . — The dij) did not (uire the sheej) of scab. 

Test No, 6. 

13. 7. 1932. The following* 16 sheej), badly infected with scab, dipjied 

in (.\ipex Lilli e-sulphur (sirengih 0*25 per cent, poly- 
sulj)hide sulphur): Nos. 31269, 31436, 31463, 31500, 
31514, 31516, 31519, 31536, 31581, 31616, 31650, 
317G6, 31793, 31909, 32091 and 32323. 

Sheej) No. 31269 died after dij)j)ing*. 

22.7.1932: Second dipping*. Strength 0*3 jxu* (‘ont. j)olvsiil])hide 
sul jihur. 

Jtrsolt, — The di]) failed to cure the vsheej) of scab. Acari were 
found on the slieeji at various jieriods after they had been dijijied. 
On a fcAv of the animals only fresh lesions were found, indicating that 
they had become i*einfe(*ted through coming in contact with the 
infected sheep. 

SUMMARY AND CONCLUSIONS. 

The above tests demonstrate that liine-sulj)hur dij)s used at a 
strength vaiying between 0*9 and 0*3 j)er cent. j)olysulj)hide suljihur 
may be effective in curing* sheej) of scab when badly infected. When 
useil at a lower concentration it was found to be ineffective. In one 
test, however, in which the strength of the first dij) was 0*25 per cent, 
and the second dij> 0*3 j)er cent. j)olysul])hide sulphur, some of the 
sheej) were aj)j)arently cured of the disease as only fiesh lesions could 
be found on them, indicating that they had become reinfected 
thiough contact with others which were not cured. It is obvious, 
therefore, that the dip, when used at a strength of 0*3 jier cent., 
(*anuot always be rtdied ujion to cure animals of scab, and should, in 
the interests of safety, be avoided at all stages in the jirocess of 
dij)i)ing. 

KEFERENCK8. 

GREEN, H. H. (inio). “ The Sulphur Sheep Dips.” Hrfi and Afh Ee2ds. 
Dir. Vet, Ers., Vu, S, Afr., i)p. 140-142. 

GREEN, H. H. (1919). ‘* Dips aiul Dipj)iiig.’’ Industries Bulletin No, 37, 
pp. 1-28; No. 37a. 
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Researches into Dips and Dipping. * 

A. Lime-Sulphur Dips. 

VI. A Survey of the Behaviour of Lime-Sul- 
phur Dips under Field Conditions, t 

By 

H. A. HAMliK(K^K, Ji.Sc. (A^ri(‘.), Assisiaiit Dip Kesearch Officer, 
T. J. WlLKEX-JOllDJ'iN, D.S<*., Dij) lioseareli f'lieiiiist, and 

H. OllAF, D.V.Sc., Veterinary lievsearch Officer, Department of 
(Chemical Pathology, Ondenstepoort . 

(H)XTK.\TS. 
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II. PkLPAH \ riO.N OF Oo^C'K^ ru VTK. 

{a} 'i'he Kftect of AVaier <oi (\uicentrate. 

(/)) The Purity of the Lime Sam})les. 

(c) The Dilution of the Concentrate. 

III. Thw . I0fki:('j ok Diimino on hik Tank Fta jd. 

(a) Di]) Lost During- Dipping-. 

{/)) The hffiect of Dipi)ing* on tlie Thiosulpluite 
Ciuitenf . 

(c) '^llie Effect on tlie Pol,\ sul})hide — Its Content and 
Nature. 

{d) The hlftect of Immersion Time on Composition. 
(e) Tlie Effect of Oxidation on Decomiiosition. 

TV. SrMMAHY. 

V . Ac K NO w J.EDCi M KNTS . 

VI. Refehkncjes. 

*For complete list of publications in this series see under ‘ ^ Ref erences ^ \ 
fThis work has been carried out with the aid of a grant from the Empire 
Marketi ng Boa rd . 
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I. INTRODUCTION. 

As has been pointed out in l^aper A. I of the series, a fiel<3 study 
of lime-sulphur dips was undertaken in order to answer various prac- 
ti(*al (luestions which had arisen from time to time. Such questions 
include the role played by various qualities of commercial lime 
samples used in the preparation of home-made lime-sulphur con(*en- 
trates, the influence of farm water in its dilution, the liability to 
oxidation of lime-sulphur solutioms on standing*, the effect of dipping 
on such solutions, e.g. the diminution in strength after jiassing a 
knowii number of animals through a bath of known initial concen- 
tration and volume, etc. An adequate answer to such and other 
<j[uestions would be of definite assistance to field veterinarians, farmers 
and dip inspectors. 

In fhe course of Ihis study about IbO full analyses of field dips 
and concentrates have l>een made, the method of analysis employed 
being the volumetric* cadmium acetate method as described in Paper 
11 of this series. The lowest concentration of poly .sulphide shown 
by the home-made concentrates was 9*() gm. polysulphide siiljihur per 
100 c.c. concentrate, the highest (*oncentration being 00*4 gm. The 
minimum strengih of the diluted dips oi dipwashes befoie and after 
dipping was 0*40 and OTO gm. sulphide sulphur per 100 c.c. dipwasli 
respectively. In Table I average figures have been compiled for 84 
field dips, all analyses for di])s showing faulty sampling or being 
otherwise doulfiful, Jiaving been discarded. 

TABLE 1. 


rield Dipping SfrcnglJis. 


P.S.8. limits (gm. 8. 
pf*r 100 c.o. dipwash). 

Before dipjHng. 

After dipping. 

No. of samples. 

Average. 

No. of samples. 

Average. 

Between 0-00 and 0*20 

0 


1 

016 

„ 0-20 and 0*40 

0 

— 

() 

0-33 

„ 0-40 and 0-60 

2 

0*47 

9 

0-51 

0-60 and 0-80 

2 

0*66 

10 

0*71 

„ 0-80 and 1-00 

iT 

0«2 

.") 

0*86 

l(K)andJ-20 

3 

M5 

. 6 

114 

„ 1*20 and 1-40 

5 

1*32 

5 

1*31 

„ 1*40 and 1*60 

7 

1*46 

1 

1*54 

„ I'60 and 1-80 

6 

1*72 

2 

1*67 

., 1*80 and 2*00 

2 

1*90 

0 



„ 2*00 and 2-m 

1 

2*15 

0 


Average 

39 

1*26 

45 

0*81 


P.8.S. — Polysulphide sulphur. 

Tiider the present regulations of the Dei)artment of Agriculture, 
as recorded in Paper I of this series, the specified initial concentration 
of lime-sulphur dipwashes is laid down to be 1*5 gm. sulphide sulphur 
100 c.c. dipwash. From the above table about 75 per cent, of the 
♦dipwashes examined fall below this specified strength, although the 
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true average (1*20) of all Bamples examined does not fall very mucli 
below this limit. The average eoneentration of the washes after 
dipping is shown to be 0*8, a figure (Ireen (1915) accepted as still 
adequately effective against scab. On the other hand, in some samples 
the concentration does fall as low as 0*47 for the fresh wash, and even 
as low as and 0*10 hi the (*ase of washes after dipping. If the 

de])arl mental figure of 1*5 were anyw’hero near the minimum effec tive 
limit, this state of affairs would naturally ('raise grave concern. How- 
ever, from the experiments re])orted in the previous pai)er (Paper V), 
a dij) of strength 0**13 might still be effective. Of all the dips 
examined onl\ one tails below this minimum effective limit, which 
means that the last batch of sheep to pass through this ])articular 
wash was not effectively (*ured of scab if infected. 

What is important, however, is the wide range of vaiiations 
revealed by Table 1. In other words, Table I shows how* necessary 
it is to use a considerable safety facdor by fixing the rec'ommended 
clip})ing stiength apprec^iably above the minimum effective limit in 
order to make all dipping effective. Even then this safety factor 
reflects onl> the better half of the true field picture, since all field 
work for the present study was done by specially selected men. To 
this must further be added the efl'ect of the psychological factor, in as 
miu*h as all field work done tor this invevstigation w*as to be controlled 
in the laboratory, whereas under normal field practice no suc*h direct 
c ontrol is antici])atecl. On the other band, in the iiiterests of economy, 
and from the jKiini of view* of ])ossible damage to the w’ool, a lowwing 
of the recommended strength of 1 5 would be highly desirable, 
especially in view of the observation thal concentrations as low" as 
0*8 may still be effective. It is (dear, how’ever, that sucdi steps wdll 
be justified only if a greater measure of control can be exercised, 
with a subsec|uent low^ering of the dc'viation from the rec*oimnended 
st 1 engt h . 

If, for the pur])ose of this study, we leave the actual analytical 
control of sanqiles taken from time to time* during the course of 
dipping out of consideration, the all important question to be 
answered is in how* far the various factois operating during the 
pro(‘ess of clipping are capable of control or manipulation under field 
conditions. Obviously, it w"oulcl be of considerable practic*al 
importance if the factors concerned can be so c'ontrolled, that it would 
bec'ome possible to tell farmers and dip inspec tors to what extent the 
strength of a bath of knowm volume and initial concentration w*ould 
diminish after a certain number of animals had passed through. On 
the other hand, this diminution in strength jier animal may, as a 
result of factors over wdiich we have little or no control, vary so 
greatly from one set of (*onditions to another, that its practical use- 
fulness may be zero. 

li. THE PREPARATION OF THE CONCENTRATE. 

In the preparation of home-made c*on centrales, the boiling up of 
the lime and sulphur in an aquecnis medium results in the action of 
the free sulphur on the active lime with the formation of the ])oIy- 
Bulphides of calcium and calcium thiosulphate. For determining 
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the cheiuieal reactions involved, a definite weight of diflerent lime 
samples was boiled up with excess flowers of sulphur, the solution 
made up to a definite volume and then analysed. The results 
obtained have been tabulaled in Table II. 


TABLE II. 

Reaction of lAine 'irith Salphvr, 


Lime 

sample. 

Dipping CoeST. il 
of lime 
% Ca(OH),. 

M.S.8. Eq. 
per 2*5 gm. 
time (gm.S). 

Thiosulphate 
|)er 2-5 gm. 
lime (gm.S). 

X in CaSx- 

Ratio 

Thios. 

S/M.S.S. Eq. 

K. 12 

19*9 

0 135 

0-147 

5-37 

1-08 

K. 3 

37-5 

0-265 

0-280 

4-83 

1*06 

K. 9 

48-9 

0-:i56 

0-344 

4-87 

0-97 

K. 10 

61-2 

0-433 

0-464 

4-98 

1-07 

K. 4 

66 0 

0-495 

0-500 

4-72 

101 

K. 11 

67*2 

0-495 

0-480 

4-42 

0*97 

F. 6 

67-8 

0-485 

0-495 

5-11 1 

1*02 

K. 7 

75-3 

0-545 

0-540 

4-78 

0-99 

K. 5 

76-0 

0-545 

0-550 

4-78 

101 

Tvl. 5 

76-8 

0-549 

0-560 

5-12 

1-02 

K. 6 

77- 1 

0-.545 

0-540 

4-66 

0-99 

TKi. 1 

80*6 

0-585 

0-590 

4-80 

1-01 

F. 2 

82-8 

0-595 

0-560 

4-73 

0-96 

Tvl. 7 

84*4 

0-610 

0-605 

4-62 

0-99 

K. 1 

84-5 

0-600 

0-610 

4-93 

1-02 

Tvl. 12 

86- 1 

0-634 i 

0-592 

5-37 

0-93 


M.S.fS.Eq. = Monosulphide sulphur equivalent. 


For the polysulphides formed the atomic ratio of calcium to 
sulphur was found io be over 50 in at least four cases, so that, in 
acvordancp with the findings of Patel, >Sen-(fupta and Chakravarti 
(1930) for orgaui(' poly sulphides, an inorganii' po]yMil]>hide of the 
order CaSo or higher must be present. AVhat other poly sulphides 
are present, and how tliey are distidbuted to make up the average 
value of CaS 4 .fi to CaS^.g we shall not endeavour to discuss here. 
It would suffice to state that the higher polysulphides iji solution are 
extremely unstable, and that it is quite ]K)ssible for an initial solution 
represented by CaS^.,, to depreciate to CaS^.g by the time it is 
analysed, unless all due precautions are taken. It is possibly for 
this very reason that all proprietary (oncentrates and home-made 
dips never show a comi^osition appreciably above C^aS 4 .fi. 

However, what is of importance as far as the reactions involved 
are concerned, is the observation that the ratio of thiosulphate sulphur 
to inonosulphide sulphur equivalent is unity, as shown in the last 
eoliunn of Table II. Hence, for every atom of suli)hur going into 
solution as monosulphide sulphur equivalent, tliere is formed half a 
mole<‘ule of thiosulphate; or, what amounts to the same, for every 
two atoms of calcium attached to sulphur to form polysulphides there 
is used one atom of calcium for the formation of cal< inm thiosulphate. 
Taking, as an example, the formation of the tetrasulphide from 
cahium hydroxide and sulphur, the equation for the reaction may 
be represented as follows : 

3 Ca(OH )2 + lOS-^2 CaS^ + CaSA + S HA 
Similarly, for the pentasulphide, the equation becomes; — 

3 Ca(OH)a -f 12s 2 CaSgOg+S H^O. 
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In the case of proprietary i)reparations and also in the case of 
home-made concentrates in the field, the thiosulphate content may 
be appreciably lower than these equations demand. This, however, 
is due to the relative insolubility of calcium thiosulphate in concen- 
trated solutions of calcium polysulphide, and its subsectuent removal 
with the sediment in the process of clarifying* the concentrate. 

If now we assume that the dirc^ctions for the prepai*ation of the 
c'oiicentrate are too simple to allow' of faulty preparation, any dimtua- 
tion in the ciuality of ccmcentrate obtained can only be ascribed to 
the impurity of the inguedients used. The sulj)liUT is excdiicled from 
the considerations uncler review since flow^ers of sulphur of a high 
qtiality is geneially used. Oonsidering the relative quantities of lime 
and w'ater used, the effect of any impurities in the water (*aniiot be 
expected to be appreciable. As an expc^ri mental verific*ation of this 
concdusion the following data ^ have been c^olleeted in Table III. 

(a) Effect of Watek on C-oncknirate. 

TABLE 111. 

Kjfert of lEc/fc'r on Conce/i trafe. 


Lime ami water 
sample. 

Orijjin of Mater. 

Dipping coeffieient 
with this water. 

Dipping coefiioieijt 
with Onderstepoort 
water. 

1 

Beaufort W(*st 

22* 1 % (^aO 

22-7% GaO 
46-0% „ 

39-7% 

37-0% „ 

•> 


47- 1% „ 

a::;::::::;:::::; 


:{9-7% „ 

4 - ! 

Gordoriia 

34-0 0/^ 

5 i 


26*0% „ 

27-3% „ 

42*0% „ 

6 

VV'illiston 

42 '0% „ 

7 

(!arnarvon 

38-0% „ 

1 36-0% 

8 

^’an Wyksvlei 

38-0% „ 

36-0% „ 

9 

Calvima 

101% ,• 

19-10/^ „ 

10 

(\mcorclia 

38-4% „ 

38-4% „ 

11 


17-9% „ 

360% „ 

18-3% „ 

36-0% „ 

12 

i Nama({ualand 


If the alKive table shows that the eifect of the water used in 
boiling up the conc*eiitrate is negligible, it also shows that the limes 
used vary greatly in jiurity. For the puiqiose of the present investi- 
gation 19 lime samples, used iu the field for luepariiig home-made 
lime-sulphur conc^entrates, have been studied in the laboratory. 
Besides the determination of the sulphate sulphur, total calcium 
and free calcium hydroxide rmitent of these limes, their clipping 
coefficients ’’ have also been determined by aUowing a kiiowii ciuantity 
to react with excess suli)hur at boiling point. 2*5 gm. lime w^ere 
mixed with ca. 10 gm. floweis of sul])hur and boilecl with water for 
40 minutes, immecliately afteiwvarchs filtering off into a 500 c*.c. 
measuring flask, washing, and filling up to volume in the cold. 
By analysing the thus obtained lime-sulphur solution, two clip])ing 


•Data from a (lepartinental report, 1931. 
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coelficieiits were detenu iued, once by expressiiij^* the total calcium 
found in the solution as the ^lercentage Ca( 0 H )3 of the total lime 
used — Coefficient I — and secondly, calculating the Ca(OH)a equiva- 
lent of the sul])hur in solution as calcium polysul})hides and calcium 
thiosulphate, and exi)ressing this ('a( 0 H )3 content as a percentage 
of the total lime used — Coeffi(deut II. In Table III these results 
have been ta})ulated in asctending order of lime purity. The figures 
given under Coefficieni F. will of cotirse rise above the true values 
when the lime contains other soluble calcdum salts, as for example 
calcium chloride, and to some extent calcium siili)hate. This explains 
why the figures under Coefficient I are always slightly above those 
under Coefficient II. On the other hand, any free alkali or earth 
alkali other than c^alciurn oxide and/or calcium hydroxide present 
in the lime will result in r<»efficient II. falling out too high, 

(6) PriuTY OF Lime Samples. 

TABLE IV. 


I^uviiy of Lime Samples. 


Lime 

sample. 

Origin and Brand of Lime*. 

% 80, 
sulphur 
in lime. 

% fa 
in 

lime. 

O" 

/o 

Active 
or free 
Ca(OH)2 

Dip 

eoeff. 

1- 

Dip 

(*oeff. 

IT. 

K. 12 

Not known 

0*16 

38*2 j 


23-8 

19*9 

K. 3 

Native B-eservo, Hooifonndn. 
Namaq 11 aland 

0*20 

380 

34*8 

37*7 

37*5 

Tvl. 1 

MacKenzie Siding —loeal 

ori2 

40*6 

36*7 

41 0 

39* 1 

K. 9 

Piquet berg and Bredasdorp 

Lime W'orks 

0*70 

39 *6 

49*9 

51*7 

48*9 

K. 1 and 
2 Sp. 


0*37 

48*7 

! 

53*2 

52*3 

K. 10 

,, .. 

0*70 

42*1 

02 5 

01*6 

61*2 

K. 11 

Taungs Afne. Lime Works 
Afric. Brd 

0-38 

45 1 


07-8 

07*2 

K. 4 

Namaq ualand — loeal 


42- 1 

— 

68-2 

00*0 

0 

Whit© Lime, Ltd., Johannes- 
! burg 




08*7 

67*8 

K. 7 

> Taungs 

— 

— 

— 

700 

75*3 

Tvl. o 

Not known 

1'0« 

44*7 

78-1 

78*2 

70*8 

K. 5 

North(‘rn Lime Co., Taungs. . . 

0*33 

46*8 

— 

78*3 

70*5 

K. 6 

White Lime, Ltd., Johannes- 
burg 

()*7() 

46-3 

_ 

78*4 

77*1 

TKi. 1 

Taungs Afric. Lime .Works, 
Afric. Brd 

0-27 

50*2 


83*8 

80*0 

F. 2 

Buxton Lime Works, Taungs. . 

0*37 

50*8 

— 

84*0 

82*8 

K. 1 

Northern Lime Co., Taungs. . . 

0*42 

48*6 

— 

84*9 

84*5 

Tvl. 7 

Not known 

0*28 

48*4 

— 

85^2 

84*4 

Tvl. 12 

Uitloop — Potgietersrust District 

0*15 

49*5 

88*6 

80*4 

86*1 

Tvl. 11 


0*56 

49*8 

84*1 

90*3 

87*8 

Lab. 

sample 

E. Merck, Darmstadt 

trace 

49*4 

92*3 

91*8 

90*1 


From the table it will be seen that the limes used in the prepara- 
tion of home-made concentrates vary in purity from 20 j)er cent, to 
^ per (‘ent., though the higher purity samples frequently include 
limes only jmrtially slaked or hydrated. But even a lime "of purity 
approximately 20 per cent, should still yield a dipwash of 0*6 to 
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0 7 i)er veni, })olysuli)hi(le siilj)liiir when prepared according* to 
standard s})ecificaiion . However, in cH)nsiderinfr this matter from 
the iK)int of view of field inactice, there is at least one important 
facdor to he home in mind, and this is the factor of field efficiency. 
By this is meant the efficiency with which the official specificaticms 
can be (*arried out under actual field c.onditions, taking into a<*<*ount 
all [iossihle Ciontrihuting factors. These contrihuting factors are 
various, and range from the mere me(‘hanical measurement of quan- 
tities to the uncoiitrollahle (diemical effect of the water used for the 
dilution of the (concentrate. As regards field efficiency, Green (1915) 
as early as 1915 ])ointed out that field sam|des invariably fail to come 
up to the strength attainable in the lal)oratory with the same lime; 
that is, that the field efficienccy apjiarently invariably falls out below’ 
190 per i‘ent. What this field efficiency actually amounts to under 
South African conditions we shall attempt to deduce from the data 
HOW’ available. 

In trying to determine this efficiency, the amounts of sulphur 
brought into solution when oj)erating under optimum conditions in 
the laboratory, must be compared with the amounts brought into 
solution (in diluted dij)) under acdual field conditions, using the 
siime quantity of the same lime. As all results for the balmratory 
w’ork in the determination of the dipjdng coefficients of the various 
lime samples were calculated on the basis of the amount of poly- 
sulphide sulphui' brought into scdution by 2*500 gm. lime, the 
analyses of the diluted dij) samples (before dij)i)ing) obtained from 
the field were all recalculated to this basis of 2*500 gni. lime. For 
this conversion the sinijde formula F -25.rx /, U 2 ) 2 )lies, wffiere : — 

F is the amount of ixdysulidiide sul 2 )hur (in gm. in the diluted 
dip) brought into solution by 2*500 gm. lime under field conditions; 

,r is the couceiitratioji of the diluted field dip in gm. f>olysul- 
2 >liide sul 2 >hur ])er 100 c.c. solution; and 

(f is the weight of lime (in lb.) used i)er 100 gallons of diluted diti. 

The couqau ison on a purely ])olysul 2 >hide sul]>hur basis is here 
Jiecessai'y, since this is ap])arently the chief ingredient of a lime- 
sul 2 diur di]) actually responsible for its effectivity against scab, 
whether this be directly or indirectly. The results thus obtained 
have l)een tabulated in Table V. 
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TABLE V. 
Field Kjji cien cy . 


K. 12 
K. :i 


K. 9 


K. 10 
K. 4 
K. 11 
F. () 
K. 7 
K. 5 
Tvl. r> 
K. fi 
TKi. J 
F. 2 
Tvl. 7 
K. 1 
Tvl. 12 


Dip. 


/Lab. sain. 
IFiold „ 

/ Lab. sam. 
1 Field „ 
/Lab. sam. 
i Field „ 
/Lab. sam. 
1 Field „ 

/ Lab. sam. 
1 Field 
/Lab. sam. 
\ Field ,, 
/Lab. sam. 
i Field 
/Lab. sam. 

1 Field „ 

/Lab. sam. 

1 Field 

/ Lab. sam. 

/ Lai), sam. 
\ Field „ 
/Lab. sam. 
1 Field 
/ Lab. sam. 
1 Field „ 
/Lab. sam. 
1 Field „ 
/Lab. sam. 
1 Field „ 
/Lab. sam. 
iFiold „ 


Dipping 
coeff. II. 


Lb. lime/ 
100 gals, 
diluted 
dip. 


Cone, of 
concen- 
trate. 

o/ 

/o* 


Polysul- 
phide in 
dil. dip. 
(grn. 8/100 

e.c.). 


X in 
CaS^. 


Field 

efficiency. 



190 


25-0 


22 i) 


20-0 
30-0 
19-0 
23*0 
20 0 


200 


200 


20 0 


200 


200 


20- 0 
200 


200 


12-4 
17-4 
17-1 
26*2 
30*4 
27 * I 
14*9 
22-3 
24- 1 

21- 9 
23*1 
16-2 

90 

22 - 0 
27*3 
20 0 


0-725 

0- 573 

1- 279 

0- 971 

1- 733 

1- 31fi 

2- 156 

1- 545 

2- 335 

1- 581 

2- 185 
2-130 
2-480 

1- 871 

2- 605 

1- 240 

2- 605 

1- 591 

2- 808 
2-360 
2-540 

1 • 794 
2-805 

2 038 
2-815 

2- 205 
2-820 

1- 803 

2- 960 

1- 899 

3- 408 

2- 096 


5'37\ 
4 05/ 
4-83\ 
4-78/ 
4-87\ 
4-7l/ 
4-50\ 
4-21/ 
4-72\ 
4-04/ 
4-42\ 

4- 2l/ 

5- ll\ 
4-79/ 
4-78\ 

3- 45 / 

4- 78\ 

4- 34/ 

5- 12\ 
4-74/ 
4 -66/ 

3- 78/1 

4- 80\ 
4-06/ 
4-73\ 

4-22/ 

4-62\ 

4-68/ 

4-93\ 

3-87/ 

512\ 

3-90/ 


% 

79-0 

75-9 

75-9 

71- 6 
67-8 
97-5 
75-4 
47-5 
61-0 
84-0 
70-6 

72- 6 
78-3 

63- 9 

64- 2 
61-5 


The mitiimulu field efficieucy found was 47*5 jier rent., the 
maximum effioieiir.y closely approximating 100 per cent. However, 
on the whole fhe normal field efficiency seems to lie around 70 i>er 
cent., the average of all the values tabulated being* 71*7 per cent. 
Considering the ].>ossibility of a very appreciable fraction of this 
30 per cent, loss in efficiency being caused by the effect of the dilution 
water on fhe x>f^lysulphides in solution, an all-round efficiency of 
70 per cent, is certainly very satisfactory. 


( r ) Dilution of the Concentrate. 

In order to study the jiossible effect of the water in the dilution 
of the concentrate, some of the waters received from the field were 
subjected to jiartial analysis in the laboratory. The analyses for 
non-volatiles or total solids, ash, sulphate sulphur, and total calcium 
have been tabulated in Table VI. 
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TABLE YL 


Wafer Analysis, 


W at-er. 

District. 

Farm. 

Solids 

(mgm/ 

KK) C.C.). 

Ash 
(mgm/ 
100 C.C.). 

SO 3 

(mgmS/ 
100 C.C.). 

Ca 

(mgm/ 
100 o.e.). 

Tvl. .5 

Ermelo 

Wyntoiui 

8-2 

2-6 

00 

0*0 

Tvl. 1 

Pretoria 

La Rochelle No. 

17-4 

8*2 

00 

0*0 

K. 6 

Gordonia 

610 

Swemknil 

19-8 

13-2 

1-3 

2*4 

K. 9 

Sutherland 

Agt<*rplaas 

420 

17-2 

20 

5*1 

K. 10 

Sutherland 

J akhaisfontein 

48-4 

24-4 

3*1 

6*7 

Tvl. 12 

Piotersburg 

Klipdam 

.59 2 

42-6 

1-9 

1*7 

Tvl. 11 

Pie tors burg 

Klipdam 

70-2 

54-4 

4*0 

4*8 

Tvl. 6 

Ermelo 

Tafelkou No. 36. . 

184 

136 

23*2 

18*4 

K. 1 

CWvinia 

Taai boshoek 

313 

126 

17*3 

23*7 

K. 11 

Jansen ville 

Soutpansnek 

400 

301 

36*2 

26*5 

K. 12 

.Jansen ville 

Soutpansnek 

410 

31 2 

39*0 

26*8 

K. 2 

\'an Hhyrisdorp. 

^’redendal 

444 

217 

3.5*6 

14*0 

K. T) 

Kenbardt 

Mariasput 

478 

2.52 

131 

;17*.5 

K. 3 

Namacpialand . . 

Soutvdei 

.530 

383 

44*7 

! 3.5*1 

K. 4 

Nam aqu aland. . . 

Holgat 

640 

414 

60*1 

22*9 

K. 1 & 

(^alvinia 

Downes 

j 662 

347 

38*2 

60*0 

2 Sp. 
K. 7 

Garnarv on 

Eendefontein 


__ 

7*1 

.5*1 

Tvl, 7 

Belfast 1 

Houtenbek 

— 

— 

0*0 

1*9 

TKi. 1 

Gat heart 1 

Rockford 

— 

— 

0*0 

1*7 

N. 7 

Grevto^n 1 

XT^mv'oti Location 1 

— 

— 

0*0 

0*0 

X. 3 

I’lnzinto i 

Farm No. L/A477 j 

— 


— 

3*4 

TKi. 3 

Kingwilliams- | 

Kami No. 309.... | 

-- 

— 

— 

2*3 

TKi. 4 

t t)M'n 1 

K ing william .M- 

NonilK* Location.. 

1 _ 


-- 1 

10*4 

K. 2 

town 

1 Barkly W est ' 

! ; 

' W’itfontein 

! “ 1 


1 

6*8 


111 every case the water sample was filtered before analysis. In 
si)ite of this the total solids in scdutioii were found to rise as hi^b 
as 0*() gm. per LOO <!.c. and higher, while the maximum ash value 
exceeded 0*4 gm. })er 100 c.c. The sul])hate sulj)hur fluctuated 
between zero and O ld gm. 8 U 3 per 100 c.c., while the total calcium 
fluctuated between zero and 0*00 gm. ])er 100 c.c. Some of the waters 
contain relatively large concentrations of magnesium and sodium 
suljihate, while others again apj)arently contain apjireciable concen- 
trations of calcium lucarbonate, since the total calcium exceeds by 
far the sulphate sulphur necessary for the formation of calcium 
sulphate. It may thus be exjiected that, in the case of some of the 
waters at least, an appreciable reaction between the constituents of 
the water and the cnlcium polysulphide will set in, resulting* in the 
decomposition of some of the j)olysiil])hide. 

To illustrate some of the more im])ortant reactions concerned, a 
few typical water samples were selected, and their effect ui)on the 
poly sulphides of cnlcium studied experimentally. For this purpose 
5 c"c. of a proprietary concentrate was diluted to 250 c.c. with the 
water concerned, atmospheric oxygen excluded, and the diluted dip 
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allowed to stand until complete sedimentation of the precipitate 
occurred. The perfectly clear solutions were then analysed. These 
were compared with similar dilutions made by using distilled water. 
On observing the visible changes, the following was noticed: — 


Water sample. 

Characteristics. 

Sedimentation . 

K. 1 

High in solids and ash ; high in sul- 
phate and Ca ; high in bicarbonate 

Appreciable, 


High in solids and ash ; high in Na and 
Mg sulphate ; high in calcium 

Fairly appreciable., 

Tvl. 1 

Low in solids and ash ; no sulphate and 
no calcium 

1 

Slight. 

Onderstepoort water 

High in calcium ; high in bicarbonate 

Fairly appreciable. 

Distilled water 

Pure 

None. 


The chemical analyses have been collected in Table VII. 


TABLE VII. 

Effect of DU iff ion Wafer, 



Distilled 

TvJ. 1 1 

K. 1 

K. 5 

Dip analysis. 

water. 

water. j 

water. 

water. 

M.8.S.E. (gm./lOO c.c.) 

0157 

0 157 

0*157 

0* 157 

Thiosulphate S. (gm./lOO c.c.)... 

0*012 

0012 

0*012 

0*012 

Total S found (gm./lOO c.c.).... 

0*776 

0*778 

0-720 

0-794 

S 111 water (gm./lOO c.c.) 

0*000 

0 000 

0*007 

0 052 

. • . Total dip S 

0*776 • 

0-778 

0*71.3 

0*742 

. * . Per cent. 8 lost 

0*0 

0*0 

8*2 

4* 5 

Total Ca found (gm./lOO c.c.)... 

0-206 

0*206 

0*202 

0*246 

Ca in water (gm./lOO c.c.) 

0-000 

0 000 

0*024 

0*038 

. • . Tot al dip Ca 

0-206 

0*206 

0*178 

0*208 

. * . Per cent. Ca lost. 

0-0 

1 

0*0 i 

14*0 

0*0 


These results show that the dilution water api)arently has no 
influence on the thiosulphate and monosuli)hide sulphur equivalent 
content. On the other hand, both calcium and polysulphide sulphur 
may be j>recii)itated. 

The results obtained in the laboratory have also been sub- 
stantiated by field samj^les. In the following table — Table VIII — 
the results on a number of proprietary concentrates diluted one in 
twenty-five have been recorded, A sample of the same concentrate 
was diluted to the same extent in the laboratory with distilled water, 
and the analysis compared with that of the diluted dip received 
from the field. Only jiroprietary concentrates were considered, since* 
the volume of home-made concentrates cannot be relied on. 
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TABLE VIII. 

Effect of Water in Field Dilution. 


Dip. 

1 

Polysulphide 
(«m. S/100 e.c.). 

X in CaSx. 

Per csent. loss 
on dilution 
in field. 

TKi. 7 Lah. samplo 

1-4.56 

4-45 


Field „ 

1-406 

4-16 

> o 

TKi. 9 Lab. Hample | 

1*452 

4 -.54 


Field „ 

1-279 

4-50 


TKi. 4 Lab. sample 

1-.528 

4-66 


Field 

1-179 

4-46 

> JiO 

TKi. 8 l^b. sample 

1-447 

4 - 5.5 

\ 24 

Field „ 

1-105 

4-44 


N. 3 Lab. samplo I 

1-016 

4-68 

\ 26 

Field 

0-822 

4-70 


N, 11 Lab. sample 

0-939 

4-58 

\ 28 

Field 

0-672 

4-58 


N. 9 Lab. sample 

0-95.5 

4-63 

\ 32 

Field 

0-647 

! 

4-49 



Here a^^-ain there is a distinct loss on dihition, due to the reaction 
ot the water, some of the higher poly sulphides being decoiu])osed 
with a resultant fall in the atomic ratio of calcium to sulphur. If 
we accei)t the field measurements to be oovrect, that is if the dilution 
ill the field was actually one in twenty-five, then the loss on dilution 
of up to dO per cent, would a])])ear to account for the loss in field 
efficiency of dO ]>er (‘ent. as recorded in Table Y. This loss is, of 
c‘<»urse, in(‘a])able of c*<introl, since the field worker cannot noiiually 
obviate the effec t of the impurities in the water except in cases where 
rain water is available. 

III. THE EFFECT OF DIPPING ON THE TANK FLUID. 

During the ]»rocess of di])ping* various foreig*ii substances are 
brought into intimate contact with the constituents of the dipping 
bath. In the order of their influence on the composition of the bath 
they may be arranged as the influence of atmos])heric and loosely- 
bound oxygen and carbon dioxide, the effect of suint c’onstituents 
going into solution, and the adulteration with dirt, animal exre- 
ments, and earth. Owung to the air occluded in the fleece and the 
intensive mechanical agitation of the bath acrcompaiiying dipping, 
large volumes of air are brought into intimate contact \vith the dip, 
and ac(‘ordingly a])preciable oxidation and carlxm dioxide disintegra- 
tion may come into play. ThivS atmospheric effect we shall discuiss 
more closely in a following ])aper. 

The dipping of wool-bearing animals, however, also results in 
an ap]ue(‘iable washing-out of the suint of the wool, these suint con- 
stituents effecting the comi)osition of the di]) in various ways. The 
alkali carbonate of the suint will react preci])itating the calciixm 
and forming alkali jK)lysul]>hides. 

CaS, + K,r 03 raC 03 + K,S, 
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The alkali soaps in the suint will ])recipitate the calcium as 
calcium soaps, again forming the alkali poly sulphides. On the other 
hand, the entering of certain suint constituents into solution may 
improve the dip in so far as its surface tension towards the wool and 
the skin may be diminished, thereby increasing its wetting power 
and consequently its efficacy. In fact, this phenomenon is claimed 
to have been actiially observed in field })ractice. This is a most 
important observation from a ])ractical |)oint of view, and we hoi>e 
to be able to study it more closely in the near future. As far as 
the present pa])er is concerned we shall confine ourselves to a study 
of the collective effect of dip])ing on ihe composition of the dip in 
the field. 

In the process of dipping it is found that the polysulphide 
suljffiur in solution decreases, and the thiosulphate increases as has 
been shown by Van Zyl (1926). Here two questions chiefly deserve 
consideration, viz. the manner in which the lolysulphide decreases, 
and the manner in which the thiosul])hate increases at the expense 
of the jolysulphide. For the sake of simplicity we shall consider 
the formation of the thiosulphate first. 

In proceeding to investigate the manner in whi(*.h the thiosul- 
phate incj-eases at the expense of the ]K>lysuli>hide, and also to con- 
sider such factors as initial polysulphide concentration, bath volume, 
and the numbei* of animals dipped, it must be remembered that in the 
process of dipping there is, in addition to a progressive decrease in 
polysulphide and increase in thiosulphate concentration, also a pro- 
gressive loss in dipwash, as each animal carries with it a certain 
volume of dij) on emerging from the bath. Naturally, the volume 
of the dip, thus lost mechanically, will depend on Ihe size of the 
animal, the weight and nature of its fleece, the manner of dii)j)ing, 
and the design and construction of the dip])ing outfit. However, to 
take due account of ^11 these facdors would make a field study well- 
nigh impossible. The only practicable solution here seems to be to 
lesort io averages. 

{a) Djpw.\sh Removed during Dipping, 

In several cases fairly accurate information Avas obtained regard- 
ing the quantity of dij) carried off on di])i)iug a certain known 
number of animals. In fhe following table (Table IX) the results 
of dipping close on to 12,060 animals have been recorded. 
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TABLE IX. 


T)i]> Lost o7t Dipping, 



Xiimber of 
animals 
dipped. 

1 

Initial | 
volume of 
bath (gals.). 

Final volume 
of bath 
(Rais.). 

Volume lost 
on dipping 
(gals.). 

Volume lost 
per animal 
(gals.). 

Case 

1 

562 

455 

325 

130 

0-23 

Case 

2 

197 

390 

535 i 

45 

0-23 

Case 

3 

500 j 

395 

205 1 

130 

()-23 

(Jase 

4 

737 

520 

325 

200 

0-27 

Case 

r> 

530 

390 

225 

165 

0-31 

( -ase 

6 

530 

485 

275 

210 

0*39 

Case 

7 

900 

800 

350 

450 

0-50 

(’ase 

8 

805 

7CM> 

275 

425 

0-53 

Cas(* 

9 

3,813 

2,5(M) 

475 

2,025 

0*53 

Case 

10 

982 

1,300 

600 

700 

0-71 

Case 

11 

822 

1,600 

050 

950 

115 

C^ase 

12 

1,202 

1,9(K) 

400 

1,500 

1-19 

Tot\l 

11,712 

— . , 

— 

6,9:«) 

0-59 


1 

1 






From the 11,712 iuiiiiials dipped the average lueehanieal loss of 
di]) is found io be O oSl lions ])er animal, the mjnimnni and maxi- 
mum limits l)ein^»‘ and 119 gallons respectively. 

(6) Tuk Effect of Diiunxci ox TinosrLniA'JK (Vintkni. 

For ever\ animal immersed into the bath a certain (][uantity <it 
thiosul])liate is formed. On leavinf»* the bath the animal, h<nvever, 
(tarries otT with it a (*ertain (juantiiv of thiosulj)hate, dejiendin^* on 
the concentration of thiosulphate in the bath at that moment. When 
the second animal enters, i1 enter.s a bath somewhat smaller in 
volume, but with a somewhiil higher thiosulphate and somewhat 
lowei* polysiil])hide concentration. For the rest it repeats the i)ro(‘ess 
executed by the former animal. If, now, the amount of thiosulphate 
formed jier animal varies, in the first instance, with the nature of 
the animal whicli in turn is a function of various unknown variables, 
and in the second instance with the (‘omposition of the bath at the 
time of immersion, the process, considered mathematically, becomes 
higdily involved. However, taking- into consideration the various 
limits ])laced on the accuracy of all field measurements, and also the 
various unknown factors influenciiig diii])ing* such as nature and 
weight of fleece, design of di])ping ]dant, etc., it would be of little 
use to stress unduly the strict mat hematicial treatment of the ])ioblem. 

What is actually measured is the initial concentration of the 
thiosulphate in a bath of known volume, and the final concentration 
of thiosuli)hate in the wash remaining in the tank, the volume of 
which is also measured or known. The simidest method of approach 
here is to consider the quantity of thiosulphate mechanically removed 
from the bath during the process of dipping; for obviously, once we 
know the quantity removed mechanically, the initial quantity and 
the final quantity, the calculation of the quantity formed chemically 
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is a simple matter. Given a definite set of dipping conditions under 
which a known niiinher of animals are dipped, the concentration of 
thiosulj)hate in the di})wash mechanically removed from the bath, 
will rise progressively from a concentration practically equal to the 
initial concentration, to a concentration practically ecpial to the final 
concentration. If, therefore, the initial concentration is T, and the 
final concentration the average (concentration may, for all 

practical purx)oses, be taken to be : — 

r. (T, 4- TJ 
2 

If these concentrations be exj)ressed in gm. S. per 100 c.c., and 
if the initial volume of the bath be V,, decilitres and the final vohiine 
V„ decilitres, the amount of thiosulphate, exi)ressed in gm. sulphur, 
mechanically removed from the bath may be expressed by: — 

(T ~ X (Vi — V„) gm. sulphur. 

If n animals are dij)pe(l then the amount of thio8ulx»hate removed 
mechanically per animai will be : — 

8<t ^-'4^ X ^nn. sulphur. 

2 11 ' 

Expressing the volume V, and in gallons, this etpiatiou 
becomes : — 


aa - 10 X 4.54 X 


(T,+T„) 

2 


(Vl - Vn ) 

n 


-22-7(Tj + TJ >' 


(IinL) 

n 


gm. sulphur. 


Using this method of calculation, and considering in the first 
instance only tliose dips where the ^nal dij) volume after dipjiing 
was definitely known, Table X was coin})iled. 


TABLE X. 

Effect of Dijyping on Thiosiflpluite Content, 


Dip. 

Initial 

Thios. 

cone. 

(gm.S/ 

l«»o.c.). 

Final 

Thios. 

cone. 

(guj-S/ 

lOOc.0.). 

Initial 

volume 

(gals.). 

Final 

volume 

(gals.). 

Initial 

Thios. 

in 

bath 

(gm..S). 

Final 
Thios. 
i in 

1 bath 
(gra.S). 

Thios. 

lost 

(gm.S). 

Number 

animals 

dipped. 

Thios, 

formed 

j)er 

animal 

(gm.S), 

N. 7 

0 150 

0* 165 

395 

265 

2,690 

1,986 

933 

560 

0-4 

TKi. 7 

0018 

0-083 

520 

325 

425 

1,225 

463 

737 

1-7 

K. 7 

0141 

0-:i84 

700 

275 

4,481 

4,794 

5,057 ! 

805 

6-7 

Tvl. 6 

0-243 

0*621 

2,600 

475 

27,680 

13,400 

39,730 

3,813 

6-7 

K. 10 

0-262 

0-588 

800 

360 

9,517 

9,346 

8,684 ! 

900 

9-5 

K. 1 and 2 8p. 

0-115 

0-416 

1,900 

400 

9,922 

7,556 

18,110 

1,262 

12-6 

TKh 1 

0-352 

0-640 

1,300 

1 600 

20,770 

17,440 

16,770 

982 

12-6 
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The results obtained for the quantities of thiosulphate formed 
])er animal under different sets of dipping conditions are somewhat 
unexpected, li could hardly have been expected that as much as 
12 ;b gm. thiosulphate sulphur would be formed by dipping a single 
animal; on the other hand, the great fluctuation from 0*4 to 12 *0 
gm. thiosulphate sulphur per animal indicates the variety of factors 
operating under different conrlitions of dipping. 

To serve as a fuj-tlier checik on these results, use has been made 
of the average and minimum loss in gallons of dip per animal, as 
given in Table IX^ to determine analogous figures for those dips 
where the actual measurement of the final volume in the tank at 
the end of dipping was not available. These results have been 
tabulated in Table XI. The figures in column G were determined 
by taking the volume of di]) removed per animal ecjual to the average 
figure of O' 59 gallons; the figures in column 7 were obtained by 
employing the minimum loss of 0'2»f gallons per animal, and as such 
rej»resent the maximum amount of thiosulphate formed per animal. 


TABLE XI. 


J)lp. 

Initial 
Thu>N. 
cone. 
(Km. S/ 
KMl c.c-.). 

Final 
Tluo.s. 
cniK-. 
(Kin. S/ 
100 

initial 

volume 

(gals.). 

X'uinher 

animals 

di})ped. 



Thioa. 

formed 

per 

animal 
(0-59 basis), 
(gm. S.) 

Thios. formed 
per animal 
(0-23 basis), 
(gm. S.) 

K. 9 

(»•-’! 1 

0-3.')8 

6(K1 

2,181 


1-1 

TKi. 4 

0(17;') 

0-22.') 

,")00 

1.6(H) 

— 

1-3 

tk;. r> 

X. 12 

i 0 012 

1 0-09') 

0-096 1 

0 144 

! 4tH) 

500 

775 

549 

1-4 

1-5 

1-8 

X. 9 

0135 

0-201 

390 

458 

1-7 

2-2 

K. 2 

X. 3 

K. 3 

0 089 
0111 
()• 141 

0-143 

0-128 

0-326 

6(X1 

625 

1,7<K1 

50S 

160 

2,739 

2-1 

2- 3 

3- 1 

2-6 

2-9 

4-2 

Tvl. 7 

0-270 

0 -4.^)0 

950 

1,487 

3-2 

4-3 

K. 6 

0-230 

0-473 

800 

1.444 

— 

4-9 

K. r> 

0-230 

0-409 

600 

723 

4-3 

5-8 

F. 2 

0-360 

0-.')40 

800 

6(H) 

8-4 

9-9 


On the whole this table substantiates the results recorded in 
Table X, the maximum amount of thiosulphate here formed being 
re]>resented by 9*9 gm. sulphur. It is significant that the figures 
re( 5 orded in columns 6 and 7 do not differ to any great extent. This 
means that the effect of the final volume on the figures calculated 
for the amount of thiosulphate formed per animal is small, so 
that the normal inaccuracies inherent in all field measurements 
<*.annot influence the thiosulphate values in Tables X and XT to any 
ap})reciable extent. This implies that the wide fluctuations in the 
quantities of thiosulphate formed i)er animal under different condi- 
tions, cannot be ascribed to any normal inaccuracy in field measure- 
ment. 


9 


257 



BKHAVIOtTR OF LIME-SCLPHUR J)IPS t'JSDKR FIELD ('ONDITIOXS . 


(c) Effect of Dipping on Polysulphide. 

The effect of dipping on the polysulphides of calcium in solution 
can conceivably be twofold ; (a) in reducing the total amount of poly- 
sulphide sulphur in solution, and (h) in changing the nature of the 
poly sulphides in solution. 

If the higher polysulphides are less stable than the lower 
meml>ers of the grou]), obviously these higher poly sulphides will be 
deeoinposed at a much greater rate, with a resulting fall in the 
atomic ratio of calcium to sulphur. The results in Table XII have 
been collected to show that this change in the nature of the j>oly- 
sulphides actually occurs as a result of dipping. 

TABLE XII. 


Effect of Dipping on Nature of yaulpliide. 


Dip. 

Poly«ulphide 
concentration 
before dipping 
(gm. 8/100 C . C .). 

X in 
before 
dipping. 

J^olv^<»ilpbide 
concent ration 
after dipping 
(gm. 8/ 100 C . C .). 

X in 
after 
dipping. 

Group A. 

TKi. 4 

M 8 

4-46 

0-46 

1-34 

TKi. 5 

0-89 

4-46 

0-44 

1-45 

K. 12 

0-43 

4-05 

0-16 

1 -50 

K. 3 

0-97 

4-78 

0-25 

1*70 

TKi. 3 

2- 15 

4-62 

0-36 

1-71 

N. 9 

0*65 

4-49 

0-30 

1-93 

K. 9 

1*16 

4-71 

0-32 

1-94 

K. 2 

0-99 

461 

0-38 

2-20 

TKi. 7 

1-41 1 

4-16 

0*65 

2-20 

K. 7 

0-99 

3- 46 

0-76 

2-38 

K. 1 

1-52 

3-87 

0-60 

2-57 

K, 10 

J -24 

4-21 

0-68 

2-58 

K. 6 

1-43 

r 3-78 

0-81 

3- 00 

K. 5 

1-27 

4-34 

0'55 

3-12 

TKi. 8 

1-10 

4-44 

0-95 

3-29 

F. 2 

1-76 

4-22 

M 6 

3-45 

K. 11 

1-60 

4-21 

116 

3-90 

TKi. 1 

1-63 

4-06 

J -39 

3-97 

Tvl. 7 

1-44 

4-68 

0-85 

4-04 

N. 12 

0-84 

4-66 

0 - i )3 

4-20 

N. 3 

0-82 

4-70 

0-77 

4-38 

Group B. 





TKi. 3 

0-95 

— 

0-44 

1-83 

TKi. 4 

0-52 

2-07 

0-52 

2-03 

K. 2 

0-99 

4-61 

0-38 

2-17 

TKi. 7 

0-84 

2-35 

0-46 

2-22 

TKi. 8 

Ml 

3-66 

0-65 

2-41 

K» 1.* 

— 

— 

0-65 

2-46 

K. 7 

D 30 

3-54 

0-80 

2-60 

N. 9 

1-38 

4-52 

0*85 

3-29 

TKi, 6 

1-42 

4‘40 

0*73 

4-01 


The results under Group A represent dips which had been 
freshly prejiared before dipping; the results under Ovonp B represent 
dips which had been previously used for dipping, but which had been 
re-strengthened for the occasion by adding fresh concentrate to the 
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bath. The table shows clearly that there is both a decrease in the 
polyBiiljihide sul])hur concentration and a marked change in the 
nature of the poly sulphide. The greatest change in the nature of 
the polysulphides is shown by dip TKi.4 where the ratio of alkali 
metal to sulphur had fallen as low as 1 *34. This depreciation in the 
order of the jK)lysul})hi(les in solution is of course dependent on 
various factors such as initial |K>lysulphide concentration, the volume 
of the bath, the number of animals dipjied, etc. However, from the 
wool-producer’s i)oint of view this change is most important, and 
must be studied very closely. There can be little doubt that a poly- 
sulphide solution represented by OaSj.., — which by its very nature 
must (contain an a])})reciable concentration of HS ions due to 
hydrolysis — must, provided the concentration is high enough, be far 
more injurious to the wool fibre than a polysulphide solution rei)re- 
sented by Cas 4 .o. In this connection a comparison of dip TKi.4 with 
dip N.12 (after (H])|ji ng figures) with res])ect to their jicssible effect 
on tlie wool would be most interesting and instructive. However, the 
furl her discussion on this point must be allowed to stand over until 
we have coin]deted our investigation on the effect of different poly- 
sulphide solutions on wool. In j)assing it would suffice to stress its 
fundamental importance, and to ])oint out that the question of 
excessive di])ping must be view^ed not only from the i)oint of view of 
an effective final concentration, but also from that of a safe final 
com]K)Kition. 

The problem of calculating the amount of iKilysulphide lost per 
animal on dipping is in its natui'e ver;\ similar to that of calculating 
the amount of tliiosuljdiate formed per animal. Again, as each 
animal jiasses through the hath it causes a certain amount of poly- 
sulphide to he decomposed forming i)artially thiosulphate — chemical 
loss — and as it leaves the hath it carries away with in an additional 
amount of ])olysul]diide — mechanical loss. In solving this j>rohleiii 
we shall again first consider the mechanical loss. 


If the initial concentration of j)olysul])hide be Pi gin. suljdiur 
per 100 c.c. in an initial bath volume of V, deciliters, and if the final 
concentration he Pn in a final l>ath volume of Yn deciliters, the mean 
concentration of jiolysulphide sulphur in the di]) w'ash mechanically 
removed from the hath wdll be: — 


P^ ™ — gm. sulphur j)er 100 c.c. 

The weight in gm. mechanically removed by n animals wull 
therefore he : — 

n = X (V, — V„) gm. sulf)hur. 

And nioas\iriug' the volumes in gallons we have : — 

7 T ^22"7 (P,4-P„) (Vj — V„) gm. sulphur per n animals. 

If now, the initial weight of polysnlphide sulplnir be Qi gm. and 
the final weight he Q„ gm., then the Aveight of polysnlphide sulphur 
lost hA' chemical means will he : — 

Q.= Q,-(Qn -h^r) gm. sulpliur for n animals 


Hence, 


SQc 


\ Q.-{Qn +^)] 

n 


gm. sulphur per animal. 
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Calculated on this basics, and (*ousidering* in the first instance 
only those dips where the final dip volume after dipping was definitely 
known, the chemical lovss per animal under different conditions of 
dipping has been tabulated in the following table — Table XIII. 

TABLE XIII. 


Effect of Dipping on Polysulphirle Content. 


Dip. 

Initial 
P.S. 
cone, 
(gm. S/ 
100 c.r.). 

Final 
P.S. 
cone, 
(gm. 8/ 
100C.C.). 

Initial 

volume 

(gain.). 

Final 

volume 

(gals.). 

Initial i 
P.S. 
in 

bath 
(gm. S). 

Final 

P.S. 

in 

bath 
(gm. S). 

P.S. 

lost 

mechan- 
ically, 
(gm. S). 

Number 

animals 

dip|)ecl. 

P.S. lost 
per animal 
chemically 
(gm. 8).‘ 

TKi. 8. . 

MO 

095 

390 

225 

19.480 

9.705 

7,679 

1 

536 

3-9 

K. 7.... 

0*99 

O' 76 

700 

275 

31.470 

9,488 

16,890 

805 

6-3 

K. 10... 

1-24 

0-68 

800 

.350 

45.040 

10,810 

19,600 

900 

16‘3 

TKi. 7.. 

1-41 

0'65 

520 

325 

33.290 

9,592 

9,118 

737 

198 







* 



. 



From the few results recorded here the anu>unt of polysulphide 
decomposed per animal dipped varies from 8 9 to 19 S gm. sulphur. 
In order to study this decomposition, also in the case of those dips 
where the final volume of the bath was not directly given, this final 
volume was again calculated on Ihe basis of an average and minimum 
mechanical loss per animal of 0-59 and 0*28 gallons respectively. 
This minimum loss basis again gives maximum figures for the 
chemical loss of polysulphide per animal. The results so obtained 
have been tabulated in Table XIV. 


TABLE XIV. 


Dip. 

Initial 
P.S. 
cone, 
(gm. 8/ 
100 C.C.). 

Final 

P.S. 
cone, 
(gm. 8/ 
100 c.c'.). 

Initial 

volume 

(gals.). 

Numlier 

animals 

dipped. 

P.S. de- 
(‘omposed 
per 

animal 
(0-59 basis) 
(gm. 8). 

P.S. de- 
composed 
}H*r 

animal 
(0-23 basis) 
(gm. 8). 

K. 9 

M6 

^ 0-32 

600 

2,181 


6-1 

TKi. 5 

0-89 

0-44 

400 

775 ; 

i 

8-2 

N. 3 

0-82 

0-77 

625 

160 

8-2 

8*6 

N. 12 

0-84 

0-53 

500 

549 

8'6 

11-2 

N. 9 

0-65 

0*30 

390 

458 

9' 5 

11-7 

K. 6 

1-43 

0-81 

800 

1,444 

— 

12-4 

Tvl. 7 

1-44 

0-85 

i 950 

! 1,487 

10-4 

14* 1 

K. 3 

0-97 

0-25 

1,700 

2,739 

12- 1 

16 5 

K, 5 

1*27 

0-55 

600 

723 

17*4 

23-4 

K. 2 

0-99 

0-38 

600 

508 

24-5 

29-5 

F. 2 

1-78 

M6 

800 

600 

28-1 

33-2 


Using the value of 0*23 gallons for the loss of dip per animal, the 
maximum figures for the amounts of polysulphide decomposed per 
animal under different sets of dipping conditions vary between 61 
and 88*2 gm. polysulphide sulphur. 
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As the polysulphide thus decoiuposed in the process of dipping 
is partially oxidized to thiosulphate and partially precipitated as 
elementary sulphur, the data thus far obtained may be grouped 
together to show how the sulphur of the decomposed jwlysulphide 
is distributed between thiosulphate and elementary sulphur under 
different dipj)ing (*onditions. 


TAllLE XV. 


J >Utrihuiioti of Decomposed Polys ulpleide Sulpln/r. 


Dip. 

Number 

animats 

dipped. 

P.S. 

decomposed 
per animal 
(gm. S). 

Thios. 
formed })er 
animal 
(gm. S). 

Kree S. 
precipitated 
per animal, 
(gm. S». 

Per cent, 
P.S. con- 
verted into 
thio- 
sulphate. 

K. 10 

9(K) 

16-3 

9*5 

6-8 

58-3 

K. 7 

1,444 

12*4 

4*9 

7-5 

39*9 

N. 3 

JOO 

8-6 

2-9 

5-7 

33-7 

Tvl. 7 

1,487 

14- 1 

4-3 

9-8 

30-5 

h\ 2 

600 

33-2 

9-9 

23*3 

29-8 

K. 3 

i 2,739 

16-5 

4-2 

12-3 

25 • 4 

K. 5 1 

723 1 

23-4 

5*8 

17-6 

24-8 


‘ 458 

Jl-7 

2’ 2 

9-5 

18-9 

TKi. r> 

1 775 1 

8-2 

1-5 

6-7 

18*3 

K. 9 

! 2,181 1 

61 1 

M 

50 

180 

N. 12 

549 

11-2 

18 

9-4 

161 

K. 2 

508 

29-5 1 

j 2f> 

i 26*9 

8-9 

Average | 

! 12,524 

14-6 

4-0 

i 

10-6 

27-3 

Limits 1 

1 — 

6- 1-33-2 

1-1-9-!) 

1 

50 -26- 9 

8*9-58 3 


Table XV shows thal the average amount of iiolysulphide decom- 
posed per animal, calculated on a total number of animals of over 
12,000, amounts to 14*(j gm. sulpliur, varying between 01 and 
dd-2 gm. sulphur per animal. Of this decomposed polysulphide 
sulphur 1-1 to 9*9 gm., or an average of 4*0 gm., is converted into 
thiosulphate, forming on the average 27*d per cent, of the poly- 
sulphide decomposed. The remaining sulpliur, valuing from 5 0 to 
2()*9 gm. and averaging lO G gm. per animal, is chiefly precipitated as 
free elementary sul})hur. 

Apart from the general decrease in the concentration of total 
polysulphide sulphur in solution, the process of dipping also causes a 
change in the nature of the poly sulphides, as w-e have already showm. 
To some extent this change is affected by certain suint (*onstituents 
reacting wdlh the poiysuliihides of calcium in solution. With a view 
to tracing the effect of the partial base exchange due to reaction with 
the suint, and also with the object of studying the change in the 
nature of the polysulphides n\ore closely, the effect of dipping on the 
monosulphide equivalent, the free polysulphide sulphur, and the 
calcium in solution was also studied. In Table XVT the analyses 
of several dips for these constituents have been tabulated. 
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TABLE XVI. 


Dip. 

M.S.S.E. 
initial 
(gm. 8/ 
100 «.c.). 

F.P.S.S. 
initial 
(gm. S/ 
100 C.C.). 

Ca. 
initial 
(gm. Ca/ 
100 c.r.). 

M.8.S.E. 

hnal 
(gm. 8/ 
100 C.C.). 

F.P.S.S. 

final 
(gm. 8/ 
100 C.C.). 

Ca. 

final 

(gm. Ca/ 
100 0.0.). 

N. 12 

0131 

0-711 

0-28() 

0-126 

0-403 

0-250 

N. 9 

0-144 

0-503 

0-301 

0-158 

0 147 

0-270 

N. 3 

0-175 

0-647 

0-318 

0*175 

0-593 

0-310 

TKi. 6 

0-200 

1 0-693 

0-283 

0-299 

0 136 

1 0-260 

K. 3 

0-203 

1 0-768 

0-460 

0149 

0-104 

0-316 

K. 2 

0-215 

0-777 

0-329 

0-174 

0-208 

1 0-278 

K. 9 

0-246 

0*912 

0-496 

0-165 

0- 155 

I 0-320 

K. 10 

0-294 

0*942 

0-683 

1 0-262 

0-416 

1 0-613 

K. 5 

0-294 

0-979 

0- 705 

0- 175 

0-372 

0*280 

Tvl. 7 

0-308 

1-134 

0-595 

0-210 

0-638 

0-506 

K. 6 

0-379 

1 -056 

0-717 

0-274 

0-544 

0-521 

F. 2 

0-418 

1 

1-346 

0-792 

1 0-308 

0-756 

0-555 


M.S.8.E. Mono8ulphido sulphur equivalent. 
F.P.S.S. - Free polysulphide sulphur. 


The table shown that in all cases the process of dipping resulis in 
a decrease in the concentration of free polysnlphido sulphur and 
calcium. This also holds for the monosulphide sulphur etjuivalent, 
except in the case of dips TKi.5 and N.9 w^here a small increase in 
the monosulphide sulphur equivalent occurs as a resuli of dipping. 

Applying the same method of calculation as used for the total 
polysulphide sulphur in Tables XIIT and XTV, the loss in mono- 
sulphide equivalent, free polysulphide sulphur and (talcium per 
animal has again been calculated, the results being expressed in 
Table XVII. 

TABLE XVII. 


Dip. 

Number 

animals 

dipped. 

M.S.8.E. 
lost ix-r 
animal (gm. 8), 

(^a. lost per 
animal 
(gm. Ca). 

F.P.8.8. lost 
JKT animal 
(gm. 8). 

TKi. 5 

775 


1*8 

0-4 

10-0 

N. 

9 

458 

— 

0-5 

1-0 

12-2 

N. 

3 

‘ 160 

4- 

0-0 

1-4 

8-6 

N. 

12 

549 


0-2 

1-1 

11-0 

K. 

9 

2,181 


0-6 

1-3 

5-5 

K. 

10 

900 


0-9 

2-0 

15-4 

K. 

3 

2,7,39 


1-2 

3-3 

15-3 

K. 

2 

508 


2-0 

2-5 

27-5 

K. 


1,444 


2-1 

3-9 

10-3 

Tvl. 7 

1,487 


2-3 

2-1 

11-8 

K. 

5 

723 


3-8 

13-8 

19-6 

F. 

2 

600 


6-1 

13-3 

27-1 

Average 

12,524 

1-4 

3-4 

13-2 

Limits 

— 

— 1 

-8-6-1 1 

0-4-13-8 

5-6-27-6 


M.S.S.E. = Monosulphide sulphur equivalent. 
F.P.S.8. = Free polysulphide sulphur. 
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The table shows that the quantity of calcium lost per animal is 
persistently greater than the loss in inonosulphide sulphur equivalent^ 
except in the case of dip TvL7. This excess of calcium loss over loss 
in monosulphide equivalent also holds when considered on a basis of 
(‘hemical equivalent. Since the loss of this excess calcium must be 
counterbalanced if further loss in monosulphide equivalent as 
sulphuretted hydrogen is to be avoided, we have here proof that the 
loss in cab iuni on dipping must in be affected by a process of 

base exchange with the alkali in the suint, the calcium being precipi- 
tated as calcium carbonate and calcium salts of suint acids, and the 
sulphide sulx)hur becoming attached to xxitassium. That this x>*'Dcess 
of base exchange is apiueciable is shown by the fact that for an 
average loss of 1*4 gni. in monosulphide sulphur equivalent there is. 
a corresi^onding average loss in calcium of 3*4 gm. 

(< 1 ) Tiik OF Imaikrsion Time on (V)Mposition. 

The table also shows that there ax>x^iAi't^iitly exists no jiarallelism 
between the loss in inonosulphide sulxihur equivalent and the loss 
in free i)oly sulphide suljjhur. From this we may conclude 
that the decomxmsition of polysuliihide on dipiiing is not due 
to oxidation to the extent one might primarily be led to expect. This 
X)oint is brought out still more clearly if we consider the amount of 
thiosulxihate formed in comxiarison with the loss in polysulphide. 
If oxidation were par excellenc e the dominating factor causing loss in 
X)olvsulx)hide sulphur, then the longer the bath remained in agitation 
during the dix)l>ing, the greater would be the amount of thiosulxihate 
foinied, since Ihe effect of other factors would then be minimal. That 
this is not so, the data tabulated in Table XVIJl will show. In this 
table the total time taken (in minutes) for actual diiiping divided by 
the number of animals dipped has been given as the average time per 
animal. This average time is taken to serve as an index of bath 
agitation. It must not be taken to rexiresent the time each animal 
remained in tlie bath, since from two to five animals were immersed 
simultaneously. The actual immersion time x^^*' animal was two 
niiiuites as ofH<*iallv laid down. All figures have been given in gm. 
sulphur x>or animal. 


TABT.E XVTIT. 

Effect of I m mersion Tunc oo Composition, 


Dip. 

M.S.S.E. 

lost. 

F.P.S.S. 

lost. 

P.S.S. lost. 

Thiosulphate 

formed. 

Average time 
X>er animal 
(minutes). 

F. 2 

61 

27- 1 

33-2 

9-9 

0*40 

TKi. 5 

- 1-8 

10 0 

8-2 

1-5 

0-43 

Tvl. 7 

2*3 

11*8 

14-1 

4-3 

0-44 

K. 5 

3*8 

19-6 

23-4 

6-8 

0-64 

N. 12 

0-2 

110 

11-2 

1-8 

0-60 

K. 10 

0-9 

1.5-4 

16-3 

9-6 

0-63 

N. 9 

- 0-5 

12-2 

11-7 

1 2-2 

0-65 

K. 3 

1*2 

15-3 

16- r> 

4-2 

0-67 

K. 6 

21 

10-3 

12-4 

4-9 

0*70 

K. 2 

2-0 

27-5 

29-5 

2-6 

0-71 

K. 9 

0-6 

5-5 

6-1 

1*1 

1-07 

N. 3 

00 

8-6 

8-6 

2-9 

1*50 

Average 

1*4 

13-2 

14-6 

4-0 

’ — 
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(e) The Effec t of (Oxidation on Decomposition. 

If, according to the equation 

2 CaS,.e4-3 0, 2 CixS,0,^2 S,., 

the decoiupoHiiion of the poly sulphide as a result of dipping were 
due solely to atmospheric oxidation, then the perc'eiiiage of deconi- 
posed polysulphide sulphur converted into thiosulphate must remain 
constant and ecjual to about 43 per cent., unless the thiosulphate 
formed is also partially decomposed. We have found, however, no 
indication that such decomposition of already formed thiosulphate 
actually occurs. On the other hand, this thiosulphate conversion 
constant is a linear function of the atomic* ratio of c^alcium to sulphur 
in the initial polysulphides present. 

If we start with a polysulphide CczS.,, then, according to the 
equation ; — 

2 CaS,-f3 O, 2 6 S 

the conversion to thiosulj)haie will be 40 per (*ent. If, again we start 
with a polyvsulphide CaS^.^ then, accoring to the equation: — 

2 CaS2.5 + 3 (\ 2 CaSA + S 

the conversion will be 80 per cent. As the atomic ratio of calciuin io 
sulphur falls continually during the course of dipping, a comparison 
of the amount of polysulphide sulphur actually converted into thio- 
sulphate, with the amount that should be (*onverted theoretically if 
oxidation were the only cause of decompositioTi of the i)olysuli)hide, 
becomes possible only if we take into consideration the initial and 
final values of this ratio. 

In the equation : 

2 CaS.r4-3 2 CaS.O^ + (2.r 4) S 

where /r, and are the initial and final atomic, ratios respectively, 
average or mean figures for a definite set of dipping conditions uill 
be obtained vchen x is taken to be equal to | + a)* We thus obtain 

the figures recorded in Table XIX. 


TABLE XIX. 

Ejfect of Oxidation on Decoinposilion. 


Dip. 

1 

Initial X. 

Fmsil X. 

Average X . 

Theoretical 
per <jent. 
oonverHion. 

Per cent, 
conversion 
found. 

Per cent, of 
theoretical 
conversion. 

K. 2 

4-61 

2 20 

3*40 

.59*0 

8*9 

15*1 

TKi. r> 

4-46 

1-45 

2*96 

67*8 

18*3 

27*0 

K. 0 

4-71 

1-94 

3-32 

60*2 

18*0 

30*0 

N. 9 

4-49 

1-93 1 

3*21 

62*3 

18*9 

30*3 

N. 12 

4-66 

4'20 1 

4*43 

45* 1 

16*1 

35*7 

K. 3 

4*78 

1*70 

3*24 

61*7 

25*4 

41*2 

K. 5 

4-34 

3' 12 

3*73 

53*3 

24*8 

46*6 

F. 2 

4-22 

3*45 

3*83 

52*2 

29*8 

57*1 

Tvl. 7 

4-68 

4*04 

4*36 

45*8 

30*5 

66*6 

K. 6 

3-78 

3*00 

3*39 

59*0 

39*9 

67‘6 

N, 3 

4-70 

4*38 

4*54 

44*0 

33*7 

70*6 

K, 10 

4'21 

2*58 

3*40 

59*0 

68*3 

98*8 
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From the abov'e table it will be seen that the amount of thio- 
sulphate actually formed in the f*ourse of dipping varies from 15 jier 
(tent, to almost 100 per (-eiit. of the amount theoretically possible if 
all polysulphide de(.*om position were clue to oxidation. Thus in dip 
K.IO the dominant cause of decomiiosition of the polysuli)hides was 
almost excvlusively limited to oxidation; on the other hand, in the 
case of dip K.2 the role played by oxidation is small; by far the 
major part of the decomposition actually found must be ascribed to 
other influences. As we have already iiointed out, thcvse other 
influences are various. I'o some extent the i)olysulphide dec'.oniposi- 
tion is due to the effect of carbon dioxide and suint constituents. To 
what extent c-hemical e([uilibria and composition as well as (‘onceii- 
tratiori exert their influence cannot be determined from such a field 
study. It would ajipear, however, that to some extent tlie factors 
causing such wide flucluatiojis are intimately and inseparably con- 
nected with the material clipped, wliicli again are controlled by 
various factors oT siock-breeding and j-tcndv-raising- and all they im]»Jy. 
As fai as oxidation of the dip is concerned, it appears to us that this 
oxidation is i)rimarily caused by the oxygen brought into the bath 
with the animal; tlie effect of free atmospheric c^xygen due to agita- 
tion would ap])ear to be of minor c(jnse(|uence. As to the form in 

which the oxygen, imparted to the dip by the fleece, exists, we can at 
j)resent only speculate. However, it seems feasible to sup])ose that the 
fleece may ccmt.ain loosely hound oxygen, attached 1o suint and fat 
constituents in a form similar to the peroxide linkage, in addition to 
ordinary free atmospheric oxygen. These as])ects are under considera- 
tion. 

IV. SUMMARY. 

1. The results of analyses of lime-sulphur dipwashes, the lime 

and watei* used in their ])re|)aration, received from various i)arts of 

the Union, have been summarized and discussed. The vsamples 

referred to were all obtained from actual dippings undertaken by 
officials in the combat ion of sheej) scab. 

2. The ])reparation of lime-sulphur solutions and factors 
influencing its (composition are detailed. 

The (effects of the ])ro(te.sses involved in the actual dip])iiig on 
the dipwash itself have been wstudied. 

4. Additional evidence that coiivsicTerable changes occur in the 
tankwash as a result of dipinng have been obtained. 

5. Facdors ])roducing these changes have been touched upon. 
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Researches into Dips and Dipping. 


C. Miscellaneous. 


The Effect of Dosing Aloes to Tick-Infected 
Cattle. 


«v 

It. a. H. BKDFOlil), Ue.seaich Oiticer, Oiuler.stepoort, and 

T. J. W1 LKEN-JOllDEN, 13. Sr., Dif) Kesearch Chemist, 

( )iulerste])oort. 


For a number of years it has been a common belief amongst farmers 
in Souili Afi'ica that cattle and other domestic aniiuals, also poultry, 
can be ke])t free from ticks by giving them a daily ration of aloes. 
Tests were tlierefoie carried out in order to confirm or negative this 
belief, although it must be admitted that keeping animals free from 
ticks by making them obnoxious to the.se parasites would not be of any 
great practical assistance to farmers in controlling tick-life on their 
farms, excej)t in exceptional circuni.stan(*eB, owing to the fact that 
ticks can live for long periods without food, and tick-life would 
continue to increase owing to the oi)i)ortunities these parasites have of 
getting on to wild animals and birds on the veld. This, however, 
would not apply to ])ermanent parasites, such as the sheep ked, which 
are entirely de))endent u]>on their hosts for their existence and 
cannot live off them for any length of time. 

The only ])ractical method of dealing with the majority of cattle 
ticks in South Africa is therefore to use animals as bait for attracting 
the ticks, and then to kill the ticks by means of regular dipping. 
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DOSING ALOES TO TICIC-INFECTED SHEEP. 


Expekimknt S. 4948. 

Test No, 1, — Five cattle were sent to a tiek-iufested farm where 
they remained until they were sutfioiently badly infested. They were 
then brought to the Laboratory and kept in a tick-free stable. The 
ticks attached beneath their tails were counted daily and three of the 
animals were dosed with aloes, which were given in the form of 
aloeiic balls pe'r os on the day they w'ere brought in, the remaining 
two animals acting as controls. The result of this test is showm in 
the following table : — 


Cattle. 

Ticks. 

9/1/33. 

No. 2994 

Weight: 1,04.5 lb.. 
Dose : 8 dr. aloes . . 

R. evertai 

H. (ifgypfium 

25'1 

Uo 

45 J 

No. 3684 

Weight: 770 Ih.... 
Dose : 12 dr. aloes. 

R. evertai 

R. appendiculntus , . . 

N. aegypiiurn 

A. hehraeum 

.12'| 

4 ” 

No. 27a5 1 

Weight: 1,200 1b.. 
Dose : 15 dr, aloes. 

R. evertai 

R. appendicvlaivs , . . 

H. ae^yptmvi 

A. hebraeum 


No. 2714 

Weight: 1,200 1b.. 
Control 

R. evertai 

R, appendiculatua.», 
H, aegyptium 

I3'l 

2 

2lJ 

No. 2805 

Weight: 1,195 Ih. , 
Control 

R. evertai 

R, appendiculatna.. , 

H. aejgyptium 

A, hehraeum 



10 

2 

20 


10/1/33. 

11/1/33. 

12 / 1 / 33 . 

25 -I 


23 -f n 


18 




^67 

V55 

43+2J 


40+3 J 

1 

34 1 3 J 

32 'I 


32 ^ 


32 1 

4 

34 

.77 

2 

27-1 3 

7J 

i •) 

^ J 


^ J 



12 1 

1 

12 ^ 


11 1 

. 10 1 

35-1 1 1 

u, 

!M 1 1 
32+3 ! 

I59 

^ I53 

! 32 

1 ^ J 

3 J 

Lj 

3 J 



32 


11 

3 

174 1 
6 


38 


10 

2 

17 


29 


9 

1 

16 


26 


13/1/33. 


16 
31 t 


50 



6 1 6 

2 1 301 ^ 

1.5-f 1 r 13 


15+ . i 


.26 



23+1 means that there were 24 ticks present, including one engorged female which 
was removed. 


The daily decrease in the number of ticks was due, it not 
entirely, in a very large measure to the fact that engorged females 
were continually dropping off. 

Hesnlt : This tel^t demonstrated that single doses of from 8 1o 
15 dr, aloes to cattle do not cause the tic^ks to leave their hosts*, and 
no dead ticks were found on the animals. 

Test No, 2. — After the animals had been sent back to the farm 
for re-infection a second test was commenced on January 23rd, 1933, 
which differed fjoni the first test in that the cattle were dosed daily 
wdth Caj)e aloes enclosed in gelatine ca])Rules for five days, No. 2994 
receiving 30 gin. aloes, No. 3684 re(‘-eived 45 gm. aloes and No. 2705 
received 60 gm. aloes daily from January 23rd to the 27th. Further- 
more, the ticks were not counted, but a rough estimate was made 
daily of the numbers present on various parts of the bodies. The 
same tw-o (‘ontrol animals as were used in the first test were also used 
for this test. It may also be noted that this regular dosing of the 
animals ])roduced marked purgation. 
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Re.wlt: up to two weeks after the test was (‘ommenced the ticks 
appeared to be as juiiuerous on the dosed animals as on the control 
animals, and Avhen the test was concluded they a])peared to be almost 
as numerous as the>^ were at the comjnencement of the test, although 
all the females, which were considerably less numerous than the 
males, had fed and dropped off. 

Summary and Conclusions. 

The tests demonstrated that single doses of from 8 to 15 dr. 
aloes and daily doses for five days of from 30 to GO gm. aloes to 
cattle do not cause ticks to leave their hosts, and no dead ticks were 
found on the animals. 

Apart fiom the negative elfeit on the ticks, the disadvantageous 
effect on the aiiimabs in i^roduciug marked i)urgation makes this 
treatment most undesirable. 
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Researches into Dips and Dipping. 

D. Effects of Dips on Wool. 

Paper I. The Effect of Arsenical Dips on Wool.^ 

By 

ir. A. HAMBRl If 'K,t B.Sc.fAgrie.), Assistant Research 

Otficer, and 

T. J. WILKEN-Ji IRDKN, D.Sc., ])iii Research Chemist, 

()iLderste])(X)rt. 

( OXTENTS. 

1 . I NT aODl'CTlON . 

II. Experimental Techniqxk. 

{a) Moisture Determination. 

{h) Determination ot* Arsenic in Wool, fTrease, etc. 

(c) Estimation of Suiiit, Grease, Dirt and (lean 
Fibre. 

U!) Estimation of (lilorine in Wool. 

{et Estimation of Chemical Damage. 

111. Mater I VL Used in Investigation. 

IN". Invkstj(;ation of Grootfontein Sampi.ks. 

(n) Effec t of Dip])iiig- on Hygroscojncity . 

(h) Adherence of Dip Constituents to Wool. 

(r) Effect of Dij)ping on Raw Wool Constituents. 

U/) Effect of Dipping on AVool Fibre. 

y . In Vitro Studies on AVool Firre. 

iff} Effect of Sodium Arsenite and ('OOj)er’s Powder 
Di]> on AA^ool. 

(?)) Influence of Sunlight and TTItraWiolet Radiation 
on AA^>ol ,and ])ipping. 

A"l. Summary. 

Vli. References. 

^This work has been carried out with the aid of a grant fri>m the Empire 
M ar keii ng Boa r d . 

tThe substance of this paper was submitted ns a thesis in partial fulfil- 
ment for the degree of M.Sc.( Agri<».> at the rniversity of Pretoria. 
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EFFECTS OF ARSENICAL DIPS ON WOOL. 


I. INTRODUCTION. 

The problems relating to the various processes in the 
manufacturing of woollen materials have during recent years received 
a great deal of consideration, particularly tliose processes which 
involve the use of chemical substances injurious 1o the wool fibre, 
and whi(jh may modify certain natural iiroperties of wool, thus 
interfering with the ultimate usefulness of the finished fabric. It is 
a well-known fact that the main qualities of w(H) 1 only become fully 
revealed at the spinning and dying stages, while from the wool- 
grower’s jK)int of view the relative resistance to the conditions leading 
u]) to those stages is an imiiortant factor. Again, the amenability 
of different wools 1o such processes must reflect l)ack on their produc- 
tion. The aim of the prodiu'er should, therefore, be focussed, not only 
towards the prod md ion of a wool fibre of desired length and general 
quality, but also towards the preservation of those natural properties 
which determine its value as a textile material. 


Of the various factors which influence or modify the physical 
and chemical properties of the wool fibre, the wool ]u*oducer is in 
the first instance concerned with the effect of various (dieniical 
preparations in the form of dipjung fluids. It is no exaggeration to 
state that the very existence of a wool-bearing shee]) induslry in 
South Africa is dependent on the effective combating of various 
external i)araBites. It was soon realized that the dideterious effec t 
of uncontrolled parasitic infection was a far moie serious factor in 
wool production than the damage which might conceivahly be wrought 
by the chemicals used as dips. To illustrate this, we have reproduced 
two photographs, one of a sheep badly infected with scab 
{•‘Psoroptes cornnivnls) (Fig. 1), and the other (Fig. 2) of a staide 
of wool shov/ing the effect of scab as also the healtliy new growtii 
after the animal had been cured by dipiung in a lime-sulphur 
solution. 



Fro. 1. 
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Fia. 1 >. 

These ])hotopra j)hs siieuk for theiiiselves. Hence it only 
iiatiifal 1o find that all inilial eifoiis ^\eIe mainly directed towardvS 
the fiinliii^' of efficacious dips, and that the possible eitect of such dips 
on the fibre was allo\\ed to recede into the back-j^round . 

The selection of the chemicals used as di|)s is in the first instance 
controlled by the natuie of I he parasite to lie exterminated. Thus 
lime-sul})l)ur is highly efficacious aj^aiirst scab, ])ut (juite ineffective 
aj^ainst ticks. On the other haml, sodium arseiiite is sure to kill the 
tick, but is not of much use in comliatin^* scab. In the jiresent ])a]ier 
we ])roj)ose to deal only witli those arsenical di])s most widel\ used for 
sheep dij)])inf»*, namely, arsenite of soda, used for tick destruction 
(Heartwuter), and Cooper’s Powder dip used primarily against scab. 
However, in reAuevin^i* the work done on the effe(*t of these dijis oil 
the fleece in ^^eneral and on the wool fibre in particular, it would 
appear desirable to include also other dips tor llie sake of (‘omparison. 

Ill Jflid tests AA'ere <‘a tried out the X^nion Department of 
Agriculture to determine the possible effect of such di])S as ro()|)er’s 
Dip, Lime and Sul])hur dij>s, Little's di]), tobacco extract, etc., on the 
scourin^ 4 ‘, combinj^’, sjiinmn^*, dying and finishing jiroperties of fhe 
dipped wools. Samples of fhe dipped and undipped wools Avere 
submitted to the Ifradford Techni(‘al College and Ijeeds I'^niAorsity 
to be put through the different processes of manufacture. The 
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completion of the study of the samples submitted was unfortunately 
delayed for many years, and it was not until 1926 that a re|>ort by 
Hollis was submitted to the Department. The conclusions arrived at 
by Hollis as a result of this study may conveniently be summarized 
as follows; — 

(1) Dips have some detectable injurious action on wool. 

(2) Staining^ action by the dip does occur, and in some cases the 
discoloration is permanent. 

(3) Dij^ped wools scour less easily than undipped wools. 

(4) To some extent dipping seemed to affect the affinity of 
wool for different dyes, though the results were often 
contradictory. 

(5) Defects in the fibre due to irregular ai>plication and 
penetration of the dipping fl\iid could not be definitely 
shown, although it was suggested that this irregularity 
was probably the cause of irregular dying of the finished 
material. 

In 1915, Green, basing his study on macroscopic and microscojnc 
examinations of the pure wool fibre, made some observations on the 
effec t of lime-suli)hiir dij)s on wool. Wools subjected to more severe 
tests in which clean wool samples were steeped into solutions of 
lime-sulphur of varying concentrations (1-8 per cent, polysulphide 
suliDhur), showed rapid swelling and pronounced structural changes 
with the higher concentrations and long exposure; while the usual 
concentrations and the short immersion i>eriod of two minutes showed 
no dete(‘tahle effect on the wool, no difference being noticeable between 
dipped and undij)ped samples. 

In 1931 further sheep and wool dipping experiments were* 
carried out at the Bathurst Experimental Farm, these experiments 
extending over a period of 12 months. During this time groti])8 of 
30 sheep were dipped regularly every week, one group being dipi>ed 
in a 0*10 per cent, solution of sodium arsenite, another group in pure 
water, and the third group remaining undipped for the purpose of 
control. The object of this experiment was to determine (1) whether 
Merino sheep <‘ould withstand and adapt themselves to such regular 
dipping, and (2) the effect of such di])ping on the fleece. It was 
found that the proc^ess, of regular dipping had no effect on the <‘oii- 
ditioa of the sheep, hut produ<‘ed marked ('hanges in the wool,. The 
staples from the dipped sheep were for the most part harsh and 
inelastic to the feel. The foreign matter consisting of sand and dirt 
also extended more or less throughout the length of the staple 
instead of being restricted to tbe tip, producing a general dis- 
coloration and dullness. This effect appeared to be as marked 
with the water dipped sheej) as with the arsenite dipped animals. 
On the other hand, dipping appeared to have no effect on fibre 
fineness and contour, although the arsenite of soda did appear to 
lower the breaking strength of the fibre. Samjdes of these wools were 
forwarded to us for the chemical study of damage, but unfortunately 
the samples were found to be useless since not sufficient care had 
been exercised in (dassific ation and sampling. 
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From this brief review it will be seen that very little atteutiou 
lias been paid to the possible eliect of dippinj^ on the wool fibre. 
Kegardiug the chemical effects of dip constituents on the fibre we 
know practically nothing. It is true that at one time certain buyers 
and manufacturers in the textile trade raised a great outcry against 
the use of (*.ertain dips in South Africa, but this outburst can only 
be ignored since it was based on misunderstanding and ignoram^e 
regarding the most elementary chemical principles. In the present 
paper we have concerned ourselves only with the chemical examina- 
tion of dipped ffbres. Physical measurements such avS elasticity, 
breaking strength, etc., have not been undertaken, since other 
arrangements have been made for such physical stiulies. 


II. EXPERIMENTAL TECHNIQUE. 

Several asjiects of the effect of dijis on the wool fibre have been 
studied. These include the effect of dipping on hygroscopi<;ity, the 
adheren<*e of dip constituents to the wool fibre, the effe<‘t of dipping 
on the yield of clean wool, and the effect of such di]).s on the sound- 
nes> of the wool fibre. 

(Vi) Moishke Detekmjnation. 

The analytical sample was obtained by taking small sub-samples 
from the original sample, (hie or two gianis of the sam]>le thus 
obtained were weiglied out into a small weighing botUe with ground 
glass stopjier. Three* to four of these weighing boitles were then 
slijiped into (he vacuum tube of the apparatus reprodu(*ed below 

(Fig. d). 
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The moisture was expelled under vacuum by heating to 
104-105^ C. by means of toluol vapour. Constant weights were 
usually obtained after about 16 hours heating. The weighing boitles 
were then closed, allowed to cool in a desiccator, and weighed, the 
moisture being calculated from the loss in weight. 

( h ) Estimation of Aesenic in Wooi.. 

The same method of sampling was used for determining the 
arsenic in the wool. The method used was that described by Ureen 
(1918) for the determination of arsenic* in organic materials. Five 
gram samples weie weighed out into a silica dish, and thoroughly 
wetted with cu. 80 c.c. of a 20 per cent, magnesium nitrate. The 
dish was then kept on a sand-bath un1il complete dryness and then 
ignited in an electric oven at a temperature just approaching a dull 
red heat. The ash was dissolved in ca. 20 c.c. of a 1 in 8 sulphuric 
acid, transferred io a 100 c.c, measuring flask, and made up to 
volume. Of this solution 10 to 50 c.c. aliquots were used for the 
actual arsenic determinations. The arsenic was evolved as AsH.,, 
and absorbed in a ca. N/50 solution of silver nitrate. Tn this 
solution the arsenious acid formed was then titrated with N/49r) 
iodine, after disposing of the silver nitrate hy adding sodium bi(*ar- 
bouate and excess potassium iodide. 

1 c.c. If/496 J thus gives 0*1 mgm. AsoO.,. 

(c) Ksttmatxon of Wool Grease, Stunt and 3)iim . 

Tlie method using a soxhlet extractor as des(*Tibed by Bousma 
(1980) was tried out. It was found, however, that this method was 
inappli(jable especially to sub-samples taken from dipped wools, 
since the dirt became distributed throughout the entire wool mas. 
Even removal of the sample from the soxhlet and washing in a 
basin with water failed to give a perfectly clean wool. It was, 
therefore, decided to go back to the older and perhaps more (unide 
method of washing the wool in open basins. The results were cer- 
tainly more satisfaidory for our purpose. A 25 gm. sample was 
dried for 24 hours in a steam* oven, and then plactMl in a large 
porcelain dish and covered with benzol which had beeii redistilled. 
The wool was carefully triturated with a forceps, thoroughly 
squeezed out, and the process repealed in a se(*ond dish with fresh 
benzol. Usually this washing process was repeated a third time. 
The washings were then collected in a distillation flask and the 
large excess benzol removed by divstillation, Ihus concentrating the 
grease extract down to about 100 c.c. This (*>on(*entrated solution 
was then filtered through a weighed quantitative filter into a 250 
c.c. measuring flask, and the sludge remaining on the filter well 
washed with benzol. The filtrate was then made up to vohnne with 
benzol. In this solution the grease was determined by f>ipetting 
Old 100 <*..c. into a weighed evaporating dish, driving ofl the benzol 
on the steam bath, and weighing the residue. Tn another aliquot 
ihe arsenic was determined by evaporating off the benzol, evaxmra- 
ting down wilb magnesium nitrate, and igniting. For the rest the 
same procedure was followed as desc*ribed under the determination 
of arsenic in wool. In the case of wool dipped in Cooper’s dip the 
free sulphur extracted with the grease was furthei' determined in a 
third aliquot by using both the Rimingion-Benedict -Denis (1980) 
and peroxide fusion methods. 
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Having* removed the grease, the dried wool was next washed 
several times with distilled ivater as above, the washings collected, 
evai)orated down to about 100 c.c. and again made up to a definite 
volume after filtering through a second weighed quantitative filter. 
In an aliquot of this solution the suint Avas determined by evapora- 
ting down on a steam oven to constant weight. In a second aliquot 
the arsenic was determined by the same method as described for the 
w’ool. 


For determining earth, sand and other impurities the two 
weighed filters containing these subslances, as w^ell as any remaining 
plant material subsequently removed by hand, were transferred to a 
Aveighed platinum dish, ajid heated in a steam bath to constant 
Aveight. The arsenic in this residue Avas determined as already 
described by ev’aporating doAvn with a solution of magnesium nitrate 
and igJiiting. 

Tlie clean avooI obtained by this process is alloAved to dry in the 
atmosphere, and then Aveighed. At the same time its moisture con- 
tent is determined on a small sample. All figures may thus be 
cah'ulated, either on an absolutely dry basis, or on a basis of the 
same moisture content tliroughout. 

(d) Kstimation ov Ciilouink. 

The chlorine in the raAv aa’ooI Avas determined by the usual micro- 
titration metliod in use in this Institute (Malaii and a’. d. Lingeii, 
IJldl) by evaporating doAvn 2 gm. avooI in a platinum dish with 
lb c.c. of a lb i)er (ient. (calcium a(‘etate (chlorine-free) solution and 
igniting at a low temperatiue. The extract of the ash in a 5 per 
cent, nitric a(*id solution was filtered througli a small filter and 
made up to a (*ouvetiient volume. Of this an aliquot was titrated 
by adding ex(*ess 'S 12') siWer nitrate, shaking briskly to coagulate 
tlie sih^er chloride tormed, and then titrating back witli N/oO 
ammonium sulphocyanide, Avith a solution of ferric alum as 
in dictator. 

(D CiiKMU’AL Estimation ok Oamage. 

In consi<lering the methods aA^ailahle for determining quan- 
titatively tin* degiee of damage of aaooI fibres, several methods were 
studied, including that of Sauer (1916) and the two D.I. methods 
<les(*ribed by Krais and Schleber (19!:i9). Of these the Pauly- 
Itiniington diazometric method and the borax method as des<*ril)ed 
by Krais and Scdileber (19::;?9) were found to give the most reliable 
results. 

The method of Pauly (1904) is based on the coupling of certain 
aniiiio-a(*id residues with p-phenyl diazoiiium sulphonale thereby 
producing an intense reddish-brown (‘oloration. This reaction has 
l)een made (|uantitati\'e by Ilimington (1980) by dissolving the diazo 
colouring formed in alkali, and matching the solution thus obtained 
against a standard solution of “ New Acid ProAvn S In this 

Avay the number of units of damage could be determined for each 
wool . 

*We are indebted to the Wool Industries Association, Torridon, 

Leeds, for placing a quantity of this dye at our disposal. 
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In the borax method as modified for our purpose, 25 c.e. of a 
lioiling^ 2*5 per rent, borax solution was allowed to act for half an 
hour on 100 mgm. wool, and the amount of nitrogenous material 
thus extracted calculated as a percentage of the total nitrogen 
present. The extract was filtered, made up to a known volume, and 
the nitrogen in a suitable aliquot determined by the micro- 
kjeldahlization method of Folin (1919). The ammonia so formed 
was mi(*ro-distilled over with caustic soda by the method used by 
Folin and Svedberg (19;t0) for urea determinations, and determined 
by nesslerization in the usual way. The total nitrogen in the w’ool 
was determined by the ordinary macro-Kjeldahl method, using 
copper sulphate us catalyst. 

In the Sauer method desc^ribed by Krais and Schleber (1929) 
the amount of extractable nitrogen is determined by allowing a 
mixture of K/2 potassium hydroxide and a 1 per cent, hydrogen 
peroxide to act on the wool for days at room temperature. In our 
miero-modifi<*ation of the method 100 mgm. wool was allowed to 
soak for a period of three days in a solution consisting of 8 c.c. 
water, 10 c.c. of a 1 per cent hydrogen peroxide, and 2 ( .c. of a 
N/2 potassium liydroxide contained in small Frlenmeyer flasks, the 
flasks being closed with thistle funnels (*nnlaining a very dilute 
solution of sulphuric acid. The extract was again filtered, the 
solution in the thistle funnel added, made up to a definite volume, 
and the nitrogen in an aliquot determined by micro-kjeldahlization, 
distilling over with caustic soda, and nesslerization. The soluble 
niti'ogen was again calculated as a percentage of the total nitrogen. 

III. MATERIAL USED IN INVESTIGATION. 

Tw'o sets of materials w’ere used in the present investigation — 
viz. wool samples obtained from actual dipping trials, and wool 
samples from undipped shee]) for in-vitro studies. 

The first set of samples was obtained from dipping experiment'^ 
carried out at the (Irootfontein School of Agriculture. Seven 
groups, each (*onsisting of 50 unshorn Merino wethers, uniform in 
age and wool, were subjected to the following treatment : — 

Lot (3C3 — dipped 3 times in Coopers. 

Lot 03 — di])ped 3 times in Coopers. 

Lot C2 — dipped 2 times in Coopers. 

Lot As3 — dipped 3 times in Arsenite of Soda. 

Lot As2 — dipped 2 times in Arsenite of Scala. 

Lot V (100 animals) used as control and not dipped. 

No definite order was observed in dipping the various groups, 
except that Lot CC3 were always put through the dip prior to Lots 
C2 and C3. The dips w’ere prepared freshly for each dipping, the 
interval between the first and second dipping being 10 days, and 
that between the second and third 14 days. 

With both the sodium arsenite and the Cooper’s dip the strength 
of the bath w^as regulated to show 0*16 per cent. AsaO:^, throughout 
the experiment, six animals being lowered into the bath at a time 
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and kept immersed for minutes. The weather conditions remained 
good, bright sunshine prevailing throughout the course of the 
experiment. Two days after the third and last dipping, however, 
heavy rains were experienced amounting to 2*8 inches. Just prior 
to the first dii)ping a shoulder sample was taken from each sheep. 
A similar set of samples was taken three months after the first 
dipping, or more tlian two months after the last dipping. Thereupon 
the sheep were shorn, the wool yields noted, and eacdi flee(*e 
examined in the usual commercial way, observations being made as 
to soundness, colour, quality and feel. The live weights of the 
animals were also controlled by weighing the animals just prior to 
dipping, 10 days after the last dipping, and again just prior to 
shearing. The shoulder samples taken were forwarded 1o us for 
chemical examination. T^n fortunately the individual sheep were not 
numbered, so that it was impossible for us to determine the relation 
of the dii)ped wool to the undipped sample from the same animal. 

This omittance on the jmrt of those responsible for the ex])eriment 
at Grootfontein made an accurate determination of the effect of 
dipping on the wool most difficult. The lesults of this ]>art of our 
investigation must, therefore, be regarded merely as i)reliminary 
and indicative. For more accurate data these and other dipping 
experiments will be repeated at (Jnderstepoort in tbe near future. 

The second set of samj)les, which were used for in-vitro studies 
in the laboratory, were obtained from sheep at Onderstepoort which 
had not been dii)ped, at least not during the period of growth of the 
fleece in (question. These samples were selected most carefully, in 
a manner to be described more fully later. 

IV. INVESTIGATION OF GROOTFONTEIN SAMPLES. 

Ilcfore ju'oceeding to deal with the results of our chemical 
iuvestigation of the sam])les submitted, it is j)eibaj)s advisable to 
state briefly what observations were made at Grootfontein.* In 
Table 1 the average live weights of the different gioups throughout 
the course of the exj)eriment have been recorded. 


TABLE I. 

Lire Weiijhts in /^otnids. 


Date. 

('('3. 1 C3. 

1 

A83. 

(^2. 

As2. 

(’ontrol. 

4.12.31 

^ I 

57-4 ! 

1 

59-0 1 

1 

o9-7 

r>9 2 

1 

59-2 

' 58-7 

S.1.32 

56-9 ! 

58-2 ! 

r>9-6 

60-7 

60 -9 

59-8 

I4.3.:i2 

6r>-3 ; 

65-9 i 

fl7*4 

68-6 

68-3 

66-7 

1 


It wull thus be seen that the jmness of dipping had no noticeable 
effec t on the animals themselves. In Table II have been recorded 
certain observations made on the fleece at shearing. 


* The ili])]>ing experiments jis well as the examination of the fleeces at 
Grootfontein were made b.v Mr, G. S. ]\!ar€^ Sheep and Wcm> 1 Research 
Officer, Grootfontein. 
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TABLE II. 

S heuri ng Resu 1 ts . 


Lot. 

Average yield 
per animal 
(grease wool in 

iSoundnes«. 

( Colour. 

003 1 

...... . .. 1 

1 

7-34 1 

1 ..... . , , 

1 

Some fleeces showed break 

1 Least attractive. 

03 ! 

7-50 ! 

Sound 

Fairly attrative. 


7-41 


V’ery attractive. 

02 1 

7-44 


Fairly attractive. 

As2 

! 7-53 

•* 

Yery attractive. 

Control 

1 7-95 


Most attractive. 


The yield in raw wool from the control ^>'roiip thns exceeds the 
yields from all the other gronjhs, the differenc e, however, bein^ very 
small. In fact, the loss of suint due to dijiping may, under 
circumstances, account for a more marked loss in raw yield than that 
expressed in the above table. The more unattractive appearance of 
the fleeces from lot f-Cd may be ascribed to the dejmsit of suljdiur 
and arsenic sul])hide especially noticeable in a freshly i)re 2 )ared 
bath of Cooper’s dip, the animals emerging* from it bein^>* ([iiite 
yellow. As dipping juoceeds this staining effect gradually 
diminishes, probably due to the chemical action of the suint in 
solution on tlie arsenic sulphide forming soluble thio-arsenites. It 
will be reinembeied that lot (3C3 were always put through the freshly 
pre 2 )ared wash juior to lot (^3. Whethej* the breaks in the s<aj)les 
noted in some fleeces from lot (JC3 can be ascribed to the effect of 
the yellow deposit on the fleece (*annot be answeied at this stage, as 
obviously further study is necessary. 


Having thus briefly referred to the observations made at (froot- 
fontein, we may now proceed to describe more fully our chemical 
study of the samjjles. 


{a) Effect of Diffing on Hyghoscoficity of Wool. 

Duplicate moisture determinations were made on sami^les of raw 
wool from both dipped and undipi^ed fleeces by the method alrea<ly 
described. After complete dryness the wool sami)les in the 
weighing bottles were jjlaced open in a desiccator containing water, 
and left to condition in this saturated atmos])here for two days. 
The fluctuations in room temperature w^ere small. These results 
have been tabulated in Table III, columns 2 and 4 rejuesenting the 
percentage regain at normal atmospheric temi»erature and humidity, 
and coliunns 3 and 5 representing the percentage of reabsorbkl 
moisture at 100 iier cent, humidity and atiuos])heric temperature. 
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TABLE III. 

Ejfect on Ht/f/roxcopicify — Kau'> WooL 


GroipK 

Before dipping. 

After dipping. 

IVrcentage 

regain. 

Percentage water 
reabftorbed 
at 100 per cent, 
humidity. 

JVreentage 

regain. 

Percentage water 
reabsorbed 
at 100 per cent, 
humidity. 

CV3 

6 03 

30-30 

0-21 

21-68 

t;3 

0-89 

27-30 

5-00 

IS- 75 

As3 

6 ’ .lio 

20-30 

0-44 1 

19-10 

C2 

0-64 

28-50 

0-99 1 

18-85 

Ah2 

i 0*34 

28-05 

5-95 1 

20-08 

(V>ntrol 

6 •.•»() 1 

1 

30-63 

0*30 i 

29-38 


Ex(e])t in tlie case of lot Ci there is no api>re(*iahle difference 
between dii)j)ed and un(li])])ed samples at atmos]>lieric humidity. 
However, at lOO per cent, humidity raw wools show a decided chaii^*e 
in their absoriitive capacity for moisture on bein^ dip])ed. The 
absorj)tioii (‘ai)acity for uudip])ed wools is here inore than 30 per 
cent, higher than that for dipped wools. The main reason for this 
change may be ascribed to the fact that some of the more hygToscoj)ic 
constituents of the suint are removed from the wool in the ])rocess 
of dipping*. As will be shown later, most of the more readily 
removable suint constituents are removed by the second di])])ing, 
there ap))arently being no appreciable difference in the suint content 
f)l ice and thrice dijjped wools. In iiarallel with this, there is no 
a]q)reciable difference in hygrosco|n‘city between twice and thrice 
di])ped raw wools. 

Apart from the effect of suint and other constituents of raw wool, 
there is also the possibility that the wool fibre itself is so affected 
by the dip that its hygroscoj>icity may be changed. According to 
Tanzer (1930) the treatment of wool with alkalis and acids results in 
a loss of weight, together with a loss in affinity for moisture. 
Speakman (1931) showed that the treatment of wool with sodium 
sul])hide does not result in any noticeable (hange in hygrosc,o])icity 
for humidities below 100 per cent.; at 100 per cent, humidity, 
however, a small change in moivsture alfinity was noted, the untreated 
wool absorbing leSvS moisture than the treated wool. 

In order to determine whether any such change in the absorptive 
capacity^ of the wools had occurred as a result of dipping, the wool 
samples under investigation were carefull.y degreased and desuinted 
by w^ashing in benzol and distilled water respectively’. The moisture 
content of the atmosi)here conditioned samples w"er(? again determined, 
and the dry wool again alloAved to reabsorb moist\ire in a desiccator 
at 100 per cent, mlmidity^ The results so obtained have been 
tabulated in Table IV. 
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TABLE IV. 


Effect on llygroscopicality — Clean Wool. 


(^roup. 

Before dipping. 

Aftt»r dipping. 

Percentage 

regain. 

Percentage water 
reabsorbed 
at 100 per cent, 
humidity. 

Percentages 

regain. 

i 

Percentage water 
reabsorl>ed 
at 100 per <‘ent. 
humidity. 

C03 1 

1 

10- 19 1 

i 

270 

9-63 

1 

26-3 

C3 

8-87 

270 

9-26 

26-5 

As3 

9«55 

27*4 

9-42 

25-5 

C2 

9-60 

27-2 

9-79 

26-8 

As2 

9-57 

27*5 

9-37 

27 0 

Control. 

1 

10 08 

27*2 

10 06 

27 


The relatively small ckaugres in ]iy^ 4 *rosco])i('iiy shown by the 
variously treated wools measured at atmospheric humidity we do not 
propose to discuss here, since such changes can be stressed only when 
working* under carefully regulated conditions of humidity in a 
specially equipped laboratory. The results at 100 per ( ent. humidity, 
however, show that the effects of dipping on the wool fibre were so 
small or of such a nature that they are not reflected by its affinity 
for moisture. 

(6) Adhkhanck of Dip Constituents to Wool. 

Arsenic determinations were made on the raw wool, on the suint, 
grease, sand and other impurities, and on the clean fibrcwS by the 
methods already described. In Table V these determinations have 
been recorded, all figures being expressed as mgm. As.j(I„ j>er 
100 gm, of the original raw wool. 

TABLE V. 

Arsenic Adluf^riny to Wool. 


Wool constituent. 

CCS. 

C3. 

As3. 

C2. 

A82. 

Cor 

Before 

dipping. 

itrol. 

At shearing 
time. 

Suint 

109-0 

1 

97-0 

63-0 

62-5 

45-0 

0-0 

50 

Grease 

30-0 

1 27-0 

15-0 

24-8 j 

10-0 

0-0 

0-0 

Impurities 

21-8 

18*3 

29-0 

6-6 i 

6-2 

0-0 

0-0 

Ckan fibre 

210 

14-0 

160 

16-0 

19-0 

1 

0-0 

0-0 

Totai^ 

181*8 



99-8 



6-0 

Haw wool 

190-0 I 

1 150-0 

11&-0 

100-0 

80-0 

0-0 

5-0 
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These results are significant, especially if it be remembered that 
the wool .sam])leK were taken more than two months after the last 
dipi)in^?. The fact that the sample shows the hipchest arsenic 

content is in agreement with the suggest ion that the free arsenic 
sulphide susj>ended in a freshly prei)ared wash of Cooper’s dip is 
dej>osited as such in the fleece. In fa(‘t, the samples dip])ed in 
Cooper’s are throughout higher in arsenic* than those dipped in 
arsenite of soda, due mainly to this depositation of the insoluble 
ingredients of (Vjoper’s dij) powder. The small quantity of arsenic 
found in the control sample taken at the conclusion of the dipping 
experiment, suggests that the undi])ped sheej) of the (‘ontrol group 
had come into contact with freshly di]>ped sheej), thus causing slight 
contamination. It should further be noted that at least half of the 
total arsenic, in the raAv wool is in a fairly soluble form, being 
removed along with the suint. A fairly apjneciable percentage, 
however, is or becomes very (dosely associated with the clean fibre, 
being fixed in such a way that it cannot be removed by mere washing 
in water. Whether this arsenic enters the fibre during the actual 
dijiping ])rocess, or whether it enters during the i)eriod between 
dip))ing and shearing, or whether it becomes fixed in the fibre only 
in the actual process of suiiit extraction in the laboratory, it is most 
ditHcult to say. 

In order t() (leterniine bow this apj>arently fixed arsenic is affected 
by the ])ro(*ess of scouring, 25 gm. samples of the raw wools were ])ut 
through three successive Imths of about 10 litre capacity, (‘ontaining 
in order solutions consistiiig of O ^Ui per cent, soaj) and 017 ])er cent. 
NjIoCH);,, 0‘30 per cent, soa]) mid 0*10 jier c*eni . Na^f-Oy, and juiro 
water respectively. The iem])eratures of tlie first two baths were 
49® and 45® (\ res]>ec*tively, the third hath c’ontaining water being 
at ordinary temjierature. The wool was washed tor two minutes in 
eac h of these baths, and subsequently tlioroughly rinsed with clean 
water. The amounts of arsenic*, remaining ffxed in the fibre have 
been tabulated in Table \l, 

TAllLE VI. 

Arsfuti<' 1ft Srotttful ]\ ftols. 

j Mgm. 

Sum pi f. j per 100 gtu, 

! scoured wool. 


iVS 

1 14-0 

C3 

140 

A3 

1 130 

V2 

f 12*0 

As:! 

lir, 

Control 



('om]iariufj the resultH thus obtained \yith those tabulated iu 
Table V for the clean fibre, and remembering that in these wools 
the clean fibre only amounts to about oO per cent, of the raw wool, 
we observe that more than half of the apparently fixed arsenic, is 
removed by the scouring j»rocess. However, s]>eaking relatively, a 
still fairly appreciable (luantity remains fixed eveti in the scoured 
fibre. The fate of this arsenic we hope to investigate still further, 
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if possible tracing ii throughout the whole of the maiiufactuiiiig 
process up to the finished and worn product. We feel it our duty, 
here, to sound a note of warning to buyers, manufacturers, and 
others concerned in the wool trade, not to resort to rash speculations 
regarding the interpretation of this arsenic in the textile trade. It 
is entirely unjustified to rush to the conclusion that this arsenic is 
bound to have some ill effect on the person wearing garments made 
from such wool. Such a conclusion can only be justified when based 
on the experimental facts of further researcdi into the problem. What 
is more. South African w'ool-bearing flocks are not, as a rule, dipj^ed 
in arsenical j)reparations, the ofiicial dip recommended against scab 
being a solution of calcium i)oly sulphides containing no arsenic. The 
argument of ill effects to human health, if it shovJd be proved by 
further research, would be a]>])lical)le, as far as scab eradication is 
concerned, only to arsenic-containing ])re])aration8. 

In examining the grease obtained from wools dip]>ed in Cooper's 
dip, it was observed that this grease was to an ai)j)recial)le extent 
contaminated with free elementary sulphur. On analysis the 
following results w’^ere obtained: — 


Sample 0C3 ‘110 per cent, sulphur. 

Sample C»3 2 22 per cent, sulphur. 

Sample C2 109 ])er cenl. snl])hur. 


TABLE VII. 

Ejfert on Wool Consf itifenta. 



Group 

CC3. 

Group C3. 

i Group .A.s3. 


Before. 

After. 

Before. 

After. 

Before. 

! 

1 After. 

1 

Moisture 

5 • 85 

6-23 

i 

5-30 i 

6-45 

6-05 

t 

H - 15 

Grease 

14-27 

16-38 • 

14-38 i 

15-42 ' 

15-40 

13-20 

8uint 

«-77 1 

3-51 

6-86 

3-20 

7-66 

3-19 

Impurities 

25-68 

23-46 

24-90 ! 

23-74 

22-60 

25-90 

Clean fibre 

46- 16 i 

50-48 

49-07 

50-92 ! 

48-83 

50-66 

Totai. 

98-73 

1 

100-06 

i 

100-51 

i 

99-73 j 

HK)-59 

99-10 









Group C2, 1 

Group 

Ah2. 

(’ontrol. 


Before. 

After. 

1 

Before. 

1 

After. 

1 

Before. 

After. 

Moisture 

6*. 54 

6-23 

5-62 

6-96 

6-17 

5-98 

Grease 

13-90 

13-88 

13-60 

14-02 

13-96 ! 

14-65 

Suint 

7-11 

3-17 

7-29 

3-22 

6-94 

6-77 

Impurities 

23-88 

28-32 

24*53 j 

27*60 

24-15 1 

26-72 

Clean fibre 

47-80 

49-91 

48*27 ! 

49-60 

46-27 1 

48-28 

Total 

99-23 

101-51 

99-31 

100-83 

99-47 

102-40 
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The suli)hiir o<jnteuts here fj;iven were calculated on a raw wool 
basis, so that the grease obtained from the dipped CC3 sample 
contained close on tiO per tent, of free sulphur. As will be shown 
presently this sulphur causes a tpiite noticeable rise in the apparent 
grease content of the wool as determined by the usual solvent extrac- 
tion niethod. It is also interesting tt) note that normal raw wool, 
yielding around 50 per cent, of tdean fibre, contains only from 1*5 
to 2'i) per cent, suljdiur consisting chiefly of cystine sulphur, while 
in the case of wool ('Cll the free sulphur alone amounts to over 
0 per cent. 

{r) Eetkct of DirniNG on Haw Wooi. Constituents. 

The grease, suint, impurities, and clean fibre contents in raw 
wool were determined by the methods already described. The results 
obtained have been tabulated in Table YIl. 

All the figures in the above table have been calculated on a raw 
wool basis. It will be seen that there is no significant difference in 
the analysis of the samjdes before dipping. The process of obtaining 
samples, representative of the group as a whole, by th(‘ jnethod of 
sub-sampling thus far used, is therefore apparently fully justified. 
It would further appear that the selection of the sheep for the 
dipping ex})e7i]uents was highly efficient, since all groups show a 
fairly uniform fleece analysis (shoulder porlion). It is also evident 
that there is little, if any, difference in the yield of clean fibre 
between the dipped and undipped wools. The small in(*rease in the 
grease content of wools dipi)ed in (Eloper’s dip is in all ])rol)ability 
due to the sulpliur contaminating the grease, as we have already 
pointed out. There is, however, a marked de(‘rease in the suint 
content of all the dijjped wools, this decrease roughly amounting to 
about 50 per cent. There is, therefore, no doul>t that the pro<*ess 
of dip])ing results in the washing-out of scune of the suint in the raw 
wool. However, this leaching out process is apparently limited, 
since it is not apiueciably greater for wools dipped three times than 
for wools dipped twice. 

Exactly the same effec t is observed when the chlorine (*oritents 
of the different wools are compared. This can best be illustrated by 
grouping' together the snint and chlorine contents with the 
hygroscopicity of the different wools at 100 per cent, humidity — 

TABl^E VITI. 

I.earhiHif Effect of 


1 

j Before dippinj 



\fter dipping 


Group. 1 

1 Pen*entage 

1 Suint. 

f 

Percentage 

Chlorine. 

Hygros- 

copicity. 

Percentage 

Suint. 

Pcrct-nt age 
(^hlorine. 

Hygros- 

copicity. 

CX'9 1 7-19 

0-22 

30-30 

3-74 : 

0-14 

21-68 

C3 1 7-24 

0-21 

27-30 

3-42 

1 0-12 

18-75 

AftS i 8- 15 

0-20 

26-70 

3-39 

! 013 

19-10 

02 7*61 

0-20 

28-50 

3-38 

0-13 

1H-H5 

As2 7-72 

0-21 

28-65 

3-42 

0- 13 

20-08 

Control 7-39 

0-20 

1 

30 63 

7-19 

021 

29 -.38 
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{d) Effect of Dipping on Wool Fibre. 

The wool samples in question were investigaletl for soundness or 
damage by both the Eimington-Pauly diazometrio method and the 
Sauer method. Due to the fact that the individual samples com- 
prising the larger group samples had not been numbered, and also 
on account of certain important sampling considerations to be dis- 
cussed later, twenty individual sub-samples, carefully degreased and 
desuinted, were examined from each group. The results obtained 
by the Riiniugton-Pauly method — expressed in Eimingtoii units of 
damage — have been tabulated in Table IX as average figures for 
each set of determinations. 


TABLE IX. 

Damage by Hi min gf on Method. 


Group. 

Beforo dipping. 

Aftor tlipping. 

<X'3 

45-0 

63*2 

C3 

47- 1 

48*7 


41 0 

54*0 


40*2 

41*2 


45 0 

40 *0 

Control 

44-2 

40*0 


If these average figures can be relied on to give anything like 
an exact reflection of the true state of affairs, we must coiudude that 
only the mooIs C(^3 and As3 show any detectable damage. However, 
considering the remarkable sensitivity of the lUinington method 
under certain conditions, this damage would appear to be insignifi- 
('aiit, and it is highly doubtful whether it can ever be re(*ognized in 
industrial processing and manufacture. Jii the case of the As2 
wool the fibre lias rather been improved than damaged. 

The results obtained by the &uier method confirm these observa- 
tions. J)amage was here calculated to represent the percentage of 
the extractable nitrogen of the total nitrogen in the wool. The 
results thus obtained have been tabulated in liable X, representing 
average figures from 20 determinations obtained as above. 


TABLE X. 

//arnage by Saver Method. 


Group®. 

1 

Before dipping. 

After dipping. 

Total 

N percent’. 

Extracted 
N per cent. 

Damage 
per cent. 

Total 

N percent. 

j 

Extracted 
N jier cent. 

Damage 
per cent. 

0C3 

14*0 

1-75 

12*5 

13*9 

2*00 

14-2 

C3 

14-8 

1*74 

11*8 

14*9 

203 

13*6 

As3 

140 

1*84 

12*7 

14*5 

2-91 

20*1 

C2 

14*0 

1*65 

11*4 

14*6 

1-35 

9*5 

As2 

14] 

1*85 

13*4 

14*1 

1-90 

13*4 

Control 

140 

1-75 

12*5 

14*0 

1-86 

13*2 
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The fluctuatioiis iji the total nitroj^eii content mu8t be ignored 
»since the diflereut gronxjs were analysed at different periods tinder 
different humidity conditions. For each group, however, all the 
samples, including those for the detei mi nation of damage, were 
weighed out at the same time, so that the i)ercentages of damage are 
still strictly (*omparable. 

V. IN-VITRO STUDIES ON THE WOOL FIBRE. 

With the object of obtaining a somewhat clearer insight into 
the various factors which niight be responsible for damage to the 
fibre in the process of dipping in the usual arsenical dips, the matter 
was further followed up, testing out some of the more obvious 
factors under laboratory conditions of control. For this purpose a 
special parent sample of undi]>x)ed wool was used. Fven then vaiious 
difficulties were at first encountered, it being impossible to obtain 
reproduceable results. Haviiif^ satisfied ourselves that the methods 
of determining damage were highly reliable, our attention was next 
direi’ted to the difficult quehtion of wool sampling. It w^as soon 
found tliat the chemical methods used were so sensitive that they 
were able to leflect appreciable differences in the fibre, not only in 
different parts of the fleece, but also in the different staples frmn the 
same part of the fleece. In addition to this, all tips are normally 
far more seriously damaged than the rest of the fibre. This 
difficulty of sampling was eventually overcome by the following 
method: — 

From a carefully removed shoulder portion of the fleece one 
gram staples were selected and the tip portions removed by <‘Utting 
about half an inch from the tip, all staples being (*ut the same length 
as measured from the skin end. These staples w'ere tied up wdth 
cotton thread, and carefully cleaned in benzol and distilled winter, 
avoiding as far as jiossible all felting of the fibres. The individual 
analytical samples were (ditained from these staples by taking' small 
sub-samples from each sta])le in such a way that the thus obtained 
comiK)site analytical sample amounted to about O-IO gram, l^hat 
su(*li samples are reiueseiitative and reproduceable, the following 
table wdll show. 

TABLE XT. 


nifontutjf of Stun pics of Rfrufnr/ton Method. 



j Colorimetric* readings. 

Rimington 

Sample. 



units of 


Standard. 

Wool. 

damage. 


50 

9-5 

52*6 


5*0 

10*5 

47-6 


50 

10-5 

47-6 


50 

100 

50*0 


50 

9*0 

55*5 


50 

9*5 

52-6 


5*0 

10*5 

47-6 


50 

100 

500 

Avsraob 

50 

9*81 

50*4 
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(a) Effect of Sodium Ahsenite and Cooper's Powder Dip 

ON AVool. 

A series ot experiments was made by treating 01 gm. samples 
of the wool with 20 c,c. solutions of pure ^sodium arsenite (approxi- 
mately NagHAsOg) and Cooper’s Powder Dip at the concentrations 
normally employed in the field. The results obtained with the usual 
two minute immersion revealed no measurable damage, and need not 
be given here. In a se(*ond series of experiments the wool samples 
were immersed in these solutions for two hours, and the damage 
studied by the Iliinington method. The results have been labulated 
in Table XII. 


TABLE XII. 

Influence of (^ooftcra am! Sod i uni Arsenite. 


Treatment. 

Strength of 
solution 

(Percentage AsgOg). 

pH of solution. 

Damage 

(Kimington 

units). 

Untreat €*d sample ! 



50*4 

♦Sodium arsenite ! 

0-08 

9*57 

52*6 


016 

9*90 

52-6 

n - - 

0 24 

10*24 

.55*5 

('Oopt^r's powder 

0- 13 (soluble) 

— 

50-0 


I 0-07 ( „ ) 



.50-0 


It will thus be seen that no damage can be demonstrated, not 
even after two hours immersion. The above results, however, have 
been obtained with a fairly "pure sample of sodium arsenite. In 
order to determine whether these results may in any way be 
influenced by the proprietary brhnds of sodium arsenite in use, the 
effecd of various brands of sodium arsenite wtis further studied, using 
solutions containing t)*lG per cent. AsgO^, and immersing for two 
hours. 

TABLE XIII. 

Effect of Pro prietat 1 / A rsen 1 1 c li ra udi ^ , 


Brand. 

Percentage As20g 

1 in solution. 

pH of 
solution. 

Dam ig? 

(Kimington units). 

Kynoch 

016 

9*3 

58-7 

Protea 

016 

9*3 

52-6 

Conquest 

016 

8*9 

500 

♦Steward 

0*16 

8-9 

1 

500 


These figures show that all the proprietaiy brands studied are 
quite safe as far as damage to the ivool fibre is concerned. 
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It might, however, he argued that under eeitaiii condiiioiis, due 
io faulty preparaiion of the dipping- hath, the (-oiK-entration of ihe 
dip wavsh may rise above the speeitied streng-th. A(*cordingly this 
point was also investigated, the coueeniration of Ihe solutions being 
increased from 0*()<S 1o i-O j)er (*en1. AsoiK,, and Ihe wool samples in 
each case being immeised for two hours. 

TABLK XIV. 

Infiuenre of ronreni ratfoo on Ihnnaf/o. 


Concontration 1 

! pH of 

j Damago 

( IVrcentagf* Ak. 2 <).J. i 

solution. 

1 {Kimington unils). 

! 

1 

0-08 

i a- 6 

1 

U’ln 1 

! a- 9 

02-6 

n-24 ! 

l()-2 

1 55 • 5 

()-80 1 

no 

j 77-0 

l-fiO i 

111 

1 


These results show li)at as a resuli -of inuuersien tor 1\vo hours 
in a solution of so<lium arsenite containing 0*8 ])er (*ent. and more 
AsgOa, the wool is (dearly damaged. But even then it is extremely 
doubt tul whether any measurable damage will (K-(‘ur .when the wool 
is immersed foi* the usual two minutes. What is of definite inteiest, 
Ijowever, is the observation that this increase in damage coincides 
with a definite increase in ])1I or hydroxyl ion concentration. It is 
a well-known fact tliat caustic alkfilis have a deleterious ettV(*t on 
the wool. It is, therefore, very important that llie eifect of increas- 
ing hydroxyl ion concentration on the wool fibre sliould be furt hei- 
st udied. The importance ot this as])ect of the matter is not limited 
to the use of substam-es with alkaline reat-tion such as dips, but 
applies with equal forte to certain stages in the industrial processing 
of the w-^ool. 

For this and other reasons a series of ex])eriments was made 
using solutions of sodium arsenite ot im-reasing hvdroxyl ion con- 
centration. 'File concentration ot the arsenite was kept constant at 
O K) per cent. As.O^, but the ])H of the solutions was so (hanged by 
the addition of sodium hydroxide as to vary from 0*9 to l‘J-4. In 
order to detcu-mine the jiossible eifect of the arsenite inns on the wool, 
these experiments weie re])eated with solutions of puie sodium 
hydroxide of hydroxyl ion coiicentrati(ms (overing the same range 
as the arsenite solutions. The hydroxyl ion concentrations of the 
arsenite solutions were determined electrometrically using the 
modified (juinhydrone electrode described by Davis (1931). The 
hydroxyl ion (-on(*entiations of the solutions of pure sodiutn 
h>ulroxide were calculated theoretically assuming solutions w’eaker 
than tenth normal to be completely dissoi-iateil. All samples were 
immersed for two hours at room temperature. The determination of 
damage w^as made both by the Rimington diazonietric method and 
by the 1),I. Innax method. The results thus obtained have been 
tabulated in Tables XV and XVI. 
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TABLE XV. 


Effect of Na()II on Wool. 


Treatment. 

pH. 

Rimlngton method damage. 

Borax method ’"damage. 

1 

10-4 

4»-6 

4*0 

2 

11-9 

60*6 

4-3 

3 

12-4 

166 

4.4 

4 

12-6 

250 

5*8 

5 

130 

500 

i 6-8 

Untreated 


50-4 

4-0 


TABLE XVI. 

Effect of Arsenite NaOn on Wool. 


Treatment. 

pH. 

Rimington method damage. 

Borax method *damage. 

1 ..^. 

9-9 

47-6 

3*9 

2 

10-3 

55-6 

4-3 

3 

11-3 

76*9 

4*7 

4 

120 

166 

5-2 

5 

12-4 

250 

6*1 

Untreated 


50*4 

3-8 


We note that boih the Rimin^ton and the Borax iiieihodK 
demonstrate a steady rise in daina^ro with rise in ])IT. The ta])les 
also show that this increase in the units of normal daniaj»e becomes 
noticeable only after the pH rises alwve a certain critical limit 
lyiim* in the neighbourhood of 10 These results are thus in a^Tee- 
ment with the observed t relation between hydroxyl ion concentration 
and tensile strenfi;’th. 

Ill ^Taphs 1 and II the influence cif pJI on the soundness of the 
fibre has been illustrated graphically. Both graphs, i.e., both the 
Rimington and the Borax method, present the same picture. We 
note that both methods show that in a n\ediuni of eiiual })H the 
solution of arsenite plus sodium hydroxide shows a greater damage 
effect than the sodium hydroxide alone. It would, therefore, aiijiear 
as if the negative arsenite ions exert some etteci of their own. We 
that this^ behaviour of the arsenite ions is closely connected 
with the absorption and ajiparent fixing of some of the arsenic by 
the wool fibre. Whether we are here dealing with mere absorption, 
()r whether the arsenic enters into chemi<3al combination with certain 
free amino-acid groups of the heratin moleiuile it is most difficult 
to say. 


•This nitrogen includes that extracted by the sodium hydroxide and sodium 
arsenite solutions. 

; Bulletin of Wool Industries Research Association, Torridon, 
Vol. 3, No. 1, p. 23 (19^12). ' 
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EFFECTS OF ARSENICAL DIPS ON WOOL. 

( b ) The Infepenck or Sunlight and Ultra-Violet IIadiation as 
A Factor in Dipping Eelatej) to Fihre Damaiie. 

In consider iiiK the effect of dipping* on the soundneHS 
wool there is one very iiniiortant factor which must not be lo^- Right 
of. XTp to the ])resent we have been studying the direct effect ot 
certain dips on the wool fibre, concentrating on the direct effect of 
such di]>s as tlie i)ri]nary cause of fibre duniage. There is, however, 
also the possibility that* the dipping effect may be only a se(;ondary 
factor in wool damage. By this is meant that the process ot dipping 
may serve to bring out certain dormant changes in the fibre vvbich 
had been (caused by inffiiemes other than dipping. As one of the 
most j)otent of these outside intiuen(‘es we venture to suggest the 
effect ot sunlight, or more iiaiticularly the ultra-violet iiortion of 
the sun's spectrum, on the fleece. From measurements on the ultra- 
violet radiati{)n intensity of South African sunlight by Osborn (19M2), 
it has been found that the ultra-violet radiation in South Africa is 
decidedly high, particularly so on the high inland plateaux. 
Naturally such radiation would in the first instan(‘e efte(*t the outer- 
most exposed ])ortion t)f the fleece, and it is by no means imj)iol)able 
that the photo-chemi(*al action thus produ(*ed is the ])rimary cause of 
the intense weathering <)f the tip ])ortionH of the fleece. In how far 
such radiation might affect the more inner portions of the flee<*e is 
most difficult to say, since we do not know to what extent the raw 
wool mass is ojiaciue to ultra-violet radiation. Naturally the degree 
of ])enetrati()n would depend on the nature and structure of the 
flee(‘e. 



I 2. 3. 4. S. 6. 7. B. 


That sunlight, and more parti<*ularly the ultra-violet radiations, 
do affect wool and woollen goods is a daily obseiwed ocicurrence and 
well known. What is not generally realized, however, is the close 
bearing this effect of sunlight may have on dipping questions in 
relation to fibre damage. To stress these <jonsiclerations more 
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eft'eciiyely, we have studied the effect of sunlight and ultra-violet 
radiation in conjunction with the arsenical dips. For this jnirpose 
two sets of experiments were made. In the first set samples of the 
clean fibre were exj)osed for an hour to the ladiatioiis of a quartz 
mercury-arc. lamp at a distance of 18 inches, and subsequently 
immersed in solutions of (W)per’s (018 per cent, soluble AS2O3), 
and soduiiu arsenite (O lO per cent. As.O,,) as well as in jmre water 
for two minutes. 


In the secom] set the wool sain])les were first inimerse<] in the 
sanie solutions of (\)oper’s, sodium arsenite, and water for two 
minutes, and then while still wet subjected to the ultra-violet 
radiation for an hour. The results obtained in dujdicate have been 
tabulated in Table X\TI and illustrated gra]>hically in (Tr€aj)h III. 

TAJILF XVII. 

Heldtton of I utlef to Dtpptnff. 


Experiment. 


Treatment. 


Damage 

(Riraingtnn units). 


1 I (’ontrol* - not exposed and not treated 

2 I Exposed, hut not treati'd 

3 ' Exposed and then lreaU‘d with Hater 

4 I Exposed and then treated with (’ooper’s 

o i Exp(»se(l and then treated witii arscnilc' < 

0 1 First treated AVJth (\M)j)t‘r’K and then exposed. 

7 ! First treat etl Hith arsenite and then (‘xposed. 

5 ' First treated Hith Hater and then exposed... 


.50*4 

86-8 

105*3 

76-9 

m-H 

62-5 

71»4 

83*3 


(hmiparing these figures tor damage with those for the same dijis 
in Table XJI, it immediately becomes evident that the ultra-violet 
treatment of llie wool defiiiitcdy affects the soundness of the fibre. 
Kxjieriment shows that mere exjiosure alone already atTects the 
fibre, although this effect max be latent, and Kxperimeiit 8 shows 
tliat this radiation effect remains the same, whether the uool is 
exposeil iji the dry or wet state, (’onsidering the u ools first exposed 
and subse(|uently trealed with the <Ii]»s, we observe the most interesting 
fa(‘t that the treat mejil witli jmre water produces ap]>reciably more 
ilamage than either the Cooper's dip or the sodium arsenite. Kxactly 
the same phenomenon is observed u ith wools first treated and then 
exposed. This observation gains in ])raclical importance when we 
recall that the dip])ing experiments carried out at llathurst showed 
that the wool suffered at least as murh by dijiping in Avater as by 
dillping in sodium arsenite. We are not in a jiosition at the 
moment to give a full ex]ilanatioii ot this highly interesting 
oliservation. However, it seems feasible to assume that the exposure 
of the wool fibre to ultra-violet radiations directly affects the keratin 
molecule. We venture to suggest that these radiations, ])robably by 
revsonatkm, set up abnormally violent oscillations within certain parts 
«)f the molecule, the more disturbed groups in the molecule be(*oming 
either totally detached or greatly loosened. This would exjilain the 
observation \)i Barritt and King (1T29) that the mere exposure of 
w'^ool to ultra-violet radiation causes a loss in the suljdiur-content of 
the wool. A])art from the sulphur totally detached, a still greater 
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proportion becomes loosened to such a degree that the exposed wool 
was found to lose about 11 per cent, of its sulphur on subsequent 
treatment with a very dilute alkali. We have shown the same to 
hold true for at least a portion of the nitrogen in the keratin molecule, 
as the following results will show: — 


Exposure. 

Percentage N. extracted 
(Sauer method). 

Percentage of total 

N. in wool. 

Unexposed 

:po 

21*4 

Exposed ^ hr. at 1 ft 

4-0 

29*3 

Exposed \ hr. at 1 ft 

4-2 

300 

Exposed 1 hr. at ea. li ft 

4-6 

32-9 


The explanation why water affects the exposed fibre to a much 
greater extent than solutions of sodium arsenite and arsenate also 
follow's readily enough from this theory. By loosening certain parts 
or radicals of the keratin molecule, the exposed molecules obviously 
exist in a state of metastability. Assuming now this destablising 
action of the mole(‘ule to be reversible, it is obvious that under (*ertain 
conditions the metastable form may be reconveited into the stable 
form. Thus pure water detaches and dissolves the loosened portions 
of the molecule, whereas the presence of arsenite and arsenate ions 
in the water impedes this detaching action of the water, exerting 
their influence in the direction of restahilising the metastable mole- 
cules. Apparently this restabilising etfect is not limited to the anions 
of the arsenic acids, since in the course of our ex])eriments it was 
found that the anion of borax exerts a similar effect. 

From Table XVII it will also be vseen that the damage to the 
fibre is least in the case of Cooper’s di]), es])ecially w'here the wool 
w’^as first treated and then exposed. It lias already been |)oiuted out 
that immersion in freshly prepared (^>()i)er’s dip results in an 
appireciable dejRJsit of siilj)hur and arsenic sulphide on the fibres. 
It was thei’efore suspected that the yellow’ film thus (‘overing the 
fihies might conceivably a(‘t as an ordinary filter, greatly impeding 
the penetration of the ultra-violet to the actual fibre. This siispiicion 
w’as easily enough confirmed by treating a wool sam])le witli a clear 
filtered solution of Coop)er’s dip), thus pueventing the formation of 
a yellow film on immersion. 


TABLE XVIII. 

Influence of Sfaining Effect on Ulfra-^Violel Action, 


Treatment. 

Damage (Himington units). 

Not treated and exposed 

Treated with Cooper’s and exposed 

Treated with Coop>er’s clear filtrate and then exposed. • 

77*7 

66*6 

90.9 
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^ The fact that the wool sample treated with the clear hltiale of 
Cooper’s dip showed appreciably more damage than tlie sam])le 
treated with the full dip in its original state, thus shows the light 
filtering effect of the yellow fleposit formed, and explains w'hy wools 
thus treated become more resistant to ultra-violet radiations. 
Similar observations have been made by Kertesz (1919) by profe(*tiiig 
the fibres with a film of chromium salts. 

Having thus shown that the wotd fibre can be ])rotected to some 
extent against the action of ultra-violet light by the application of an 
artificial film, it appeared highly interesting to determine to what 
extent the natural grease and suint on the raw wool fibre would 
impede the penetration of such radiations. With this object in 
view the influence of ultra-violet radiations on the wool in different 
stages of the proc^ess of (deaning was compared with that on the I’aw 
wool, the sam])]es being exposed for one hour a1 a disian<*e 18 inches 
from a mercury-arc lamp. Afier exposure tlie raw and desuinted 
W'ools were degreased by washing in ether, the degreased wool being 
desuinled with water. All the sain])les were finally washed in ])ure 
water. The results obtained in llimington units of damage have 
been tabulated in I’able XIX. 

TABLE XrX. 

Protect I ve Infiuenre of (Treoae, Suint, etc. 

j ’ j 

Experimont. . Wool troatmont. j Damage. 


1 Raw wool — unexjMKHed 

2 Raw w'ool — exposed 

2 Degreased wool — exposed 

4 i De.suinte<l wool — exposed 

,1 ; D.'greased and desuinted wool — -clean fibre — exposed 


5:i 

ca. 83 
C5a. 83 
oa. 83 
oa. 100 


'I'he results sIuiav that the law and partially cleaned wools were 
slijj-htly less affected hy the ultra-violet treatment than the (dean 
fihres. However, it is doubtful whether this ap])areut protective 
infltK'iice on the jiarl of the p-rease and suiiit can be ascribed ex(*lusive- 
ly to their absorptive action of tlie ultra-violet. The ])ossil)ility is 
iiy no means excluded that the suint in xoliition may^ reverse the 
initial ]>hoto-chemical effect already referred to. We conclude, 
therefore, that the protective influence of fj-rease and suint against 
ultra-vi(det is, if anythin^*', exceedmf>-ly small. 

The exiMisure of wool to actual suiiliKht produces exactly similar 
ettei-ts. In the first set of experiments Iwith cleuii and raw wool 
saiujiles were immersed in solufious of ( ooper s (O'l'f per cent, 
soluble As,t),). sodium arsenite (O H) Jier cent. As.,(),) and viater 
tor two minutes, and ke])t out of contact with direcl sunlight. After 
three days the wools were apaiii immeijsed in ('ooper’s, sodium 
arsenite and water, and kej)t for another three days. In the second 
set of exi)eriments the wool sainj)les were exactly similaily treated 
by immersiuK twice at an interval of three days, with the exception 
that these samples were for the whole of the six days during which 
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the exj^erimeiit lasted exi)Osed to the direct rays ()f the wSiui. Tht 
degree of damage was again measured in Bimington units, and 
the results illustrated grai)hically in (Trai)h IV. 


1. Wool 


3^ ,, n CoOfi«fi( Powd^t' Pi^ 



TABLE XX. 

Effect of Siitilight on Wool. 


Experiment. 

] 

Treatment. 

1 Unexposed. 

Exposed. 

1 

Clean 

wool. 

Raw 

wool. 

Clean 

W'OOl. 

Raw 

wool. 

1 

Not immersed — eontrol 

32-3 

45-5 

86-9 

86-9 

y 

Immersed iii sodium arserute 

37-0 

37*7 

H4-5 

80 0 

3 

Immersed in Cooper’s 

30-3 

42 3 

3ol 

43*5 

4 

Immersed in wat-er 

40 0 

37'0 

83-3 

62-5 


We note that in Exj)eriment 1, 2 and 4 the ex])OHed wools show 
a much greater damage than the un ex posed wools, the damage in 
the case of the former being about double that of the latter. In the 
(ase of Cooper^ 8 jiowder dip — experiment — exposure to sunlight 
seems to have had no effect. The reason for this we have already 
explained. These resiilts also show that the jirotective influence of 
grease and suint is insignificant, the raw wool often showing slightly 
more damage than the clean fibres. 

VI. SUMMARY. 

The effect of the two arsenical dips, viz. : (/OC)i)er’s j)Dwder dip 
and sodium arsenite, on the fleece has been studied from several 
angles. The process of dipping results in the leaching out of suint 
constituents, thereby influencing the hygrosc.opicity of the raw wool, 
especially at 100 per cent, humidity. The use of arvsenicals a^s dips 
results in the contamination of the fleece with arsenic, some of this 
arsenic remaining in the fibres even after scouring. When using the 
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correct concentrations, the dij)s themselves do not cause any noti(;eable 
dainaf^e to the fibre, ex(‘e|)t that Coojier’s dip tends to stain the 
fleece yellow by depositing’ its insohible constituents. Should, 
however, the alkalinity of the di])s rise above ])H 10*»‘b the vsoundness 
of the fibres may he seriously affe(‘ted. Under normal conditions, 
however, the undesirable effect of di])pinf»‘ on the fibre soundness 
must ])e as(;ribed (o the jirocess of dipping* as such, and not to the 
use of the chemicals heie studied. Tn-vitro studies have shown that 
this dij)pin^’ effect in turn is merely a secondary cause of dama^^e, 
the initiative and primary caurse of fibre dama^>:e beinfr the effect 
of the ultra-violet radiations of ordinary sunlight. In this res])ect 
arsenates and arsenites would a])])ear to ])rotect the fibre, rather than 
causing* further damage, siru'e ]mre water is a})])reciably more 
deleterious to such radiated wools than arsenite solutions. (k)D]>er’s 
dip renders additional ])rotection to the fibre, the yellow film staining* 
the fibres im])edin^ the penetration of the ultra-violet rays to the 
fibre itself. The theoretical imjdications of these observatiojis have 
been discussed and exjilained. The natural grease and suint on the 
fibres were not found to afford suffii’ient protection against the effects 
of sunlifjrht. In how far these observations affect the fleece on the 
shee])\s back must still be further invest io-ated. Tt may be exi)ected, 
however, that rej)eated dipping’ would a^-^ravate this photo-chemical 
effect, sime the staple-formation is thereby destroyed, thus exposing 
a greater ])oition of the fleece to direct radiation. 
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ANALYSIS OF GROWTH AND CARCASE MEASUREMENTS OF BACONERS. 


I. INTRODUCTION. 

¥or several years systematic feeding trials have been conducted with 
bacon pigs by officers of the Department of Agriculture at two of 
the Agricuiltural Schools, Cedara and Potchefstroorn. The main 
objects of these trials were to investigate the suitability of different 
breeds of pigs and their crosses, when fed different balanced rations, 
for the production of first grade bacon carcases. Each separate trial 
was reported on by the officer who was in charge and in 1930, lloniyn 
and others issued a report on all the trials completed at that time. 
These trials showed clearly that some breeds and crosses (Middle 
White and Berkshire) were unsuitabJe for bacon production. Since 
1928 the work was concentrated on the following three breeds and 
their crosses : Large White, f^arge Black, and Tamworth. A large 
number of rations have been tested out since 1928, and the results 
indicated that with the balanced rations used the effect on the type 
of the car(*ases was not great. Different rations had influence on the 
rate of gain, thickness of back fat, and the firmness of the fat, and so 
indirectly may have influenced some of the (*arcase measurements. 
When the results of the different, sows and boars were grouped it was 
found that the differences within a breed between different individuals, 
were much greater than the differences between crosses or between the 
rations that were used. Since the influence of the ratirms on the 
carcase measurements were relatively small and all being halaiued 
and the pigs not being starved, no atteiition will be given to these 
factors in the present analysis of the data. 


The object of this jjaper is to make a study of the growth of the 
ba(‘oners that were used and their (‘a lease measurements and how 
these vary under different conditions such as size, degree of fatness, 
etc. The importance of having such data is, that when standards are 
to be drawn up when pig recording, for instance, is started, there is 
something definite on which they can be based. The same applies 
for standards which will be necessary when Utility Classes ’’ at 
shows are started. When bacon factories start paying out on (piality 
basis for bacon pigs, such results will enable them to base their 
prices on scientific information. Hansson (1927) and Schmidt and 
others (1929) have made analysis of pigs recorded and tested out and 
their findings have been of much value, not only in the proiier 
selection of the breeding animals, for which purpose I'ecording and 
testing have been started in the first instance, but also for drawing 
up standards for shows and as information for the bac'on factories 
when paying out on quality. In England |J)avidson (1930), Duck- 
ham (1929) and Menzies Kitchen (1930), Hammond (1922)] re- 
searchers have made analyses of data, and from the information 
obtained standards have been drawn up. 

One cannot, however, just adopt standards of another (*ountry 
where different conditions exist. Danish standards, for instanc^e, 
would be unsuitable for South Africa and would not serve their 
purpose at all, since the largest percentage of pigs slaughtered in this 
country would not (*onform to them. It would be more an ideal to 
strive at than a standard. It is, therefore, only by analysing such 
material obtained from animals of about the average type in the 
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<‘-ountry from whicli suitable standards could be drawn up, so that 
most of the animals killed could conform to them. As there is im- 
provemenl in the country these standards could be j>radually raised. 
Sin(*e no (mtstandin^* breeding* animals were used in these trials, it 
is reckoned that standards based on the results obtained will not be 
too severe. 

Another very importard asi)ect of such a statist i(*al analysis of 
data that have accumulated durin«* several yeais, is that even when 
results are not (*onclusive, one can «et v(*ry useful information as 
regards the lines on which future investigations (‘ould be conducted. 
Mu(*h unnecessary work can therefore be eliminated beforehaml, and 
the invest igatoi* knows just what to look tor. This enables one also 
to avoid (*ertain pitfalls siiu'e one knows already the influence and 
effect of (*ertain conditions. 


II. MATERIALS AND METHODS. 

In the present ])aper an analysis is made of the growth and 
<‘ar<‘ase measurements of 400-55(1 i)aconers of the Larg'e White x 
Ijarg'e Hla(*l\ (sow) atid Tamworth x Large lllack (sow) crosses. All 
the haconeis were hied and fe<l at the two Agi i(‘ult ural Schools, Tot- 
chefstroom and Ledara. 

llefore lOiiO no weights were taken of the pigs before th<‘y were 
weaned, but the j)igs were regularly weighed after they were ])ut in 
the (lilfereiit feeding trials. Towards the end of lOJO w stai ted 
taking tin* biith weights of the pigs and at 4, 0, (S, and 9 weeks of 
age and aftei* weaning (which took place at H weeks) as was done 
jireviously. When the pigs had reaidied weights of 190 to 210 lb. on 
the farm they were despa tidied to the Farmers' ( 'o-operati ve ]lacon 
Factory, Est(*ourt, Natal. They were weighed before trucking and 
again inimediatidy after being unloaded at the factory, ('eilara is 
(i2 miles from Fstcourt and Fotchefstroom 415 miles. Those sent 
from (Vdara were not watered or fed tm route hut those sent from 
l^otidnd'strooni received water and some whole niaizt*. 

After tlie carcases liad been dressed and the weights taken, eaidi 
<*arcase was measured (the same side of eai h carcase) by the oflicer 
responsible for the partiiiilar trial. After that eaidi carcase was 
graded by the manager of the of the factory, Mr. Welsh, and the 
officer. ddie larcases were classified into N(»s. 1 and 2 “ l^ean 

Sizable ", N5)s. 1 and 2 *' Medium ", ‘‘ Fat ", and “ Overfat ” 

grades. The following description of the giades was given liy llomyn 
and others (19d0):--- 

“ The Xo. 1 ‘ Ijean Sizable ' represents the ty]>e of side most in 
demand on the Tjondon market. Though well finished this ty])e of 
<‘arcase has the thinnest layer of back fat of all grades. It should 
also show’ good ([uality, 

“ A No. I ‘ Medium ’ suits the north of Plngland trade, but does 
not command a ready sale on the London market. This type of carcase 
is thicker in back fat than the No. 1 ‘ Lean Sizable L In other 
respec ts they are similar. 
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‘‘ The No. 2 ‘ Lean Sizable ' and No. 2 ' Medium ’ sides repre- 
sent types similar to their respertive No. I’s, but lack somewhat in 
quality. 

“ The No. 1 ‘ Fat ’ or “ Stout ' carcase is l)et\veen the No. 1 
‘ Medium ' and ‘ Overfat ^ in thickness of back fat. This type of 
carcase is becoming more and more umlesiiable as the demand for 
lean bacon increases. These carcases should also show good ([uality. 

The ‘ Overfat ’ is self explanatory. Bacon is not made from 
this grade of side 

In the x>i‘esent i)ai)er vre jiroiiose working only with the following* 
four main groiips. The Nos. 1 ‘‘ Lean Sizable ’’ and “ Medium 
remain as they are. The Nos. 2 Lean Sizable and Medium 
fall in a class which will be known as “ Inferior ”, and the the 
‘‘ Stout ” and ” Overfat ” carcases will all be j)ut together and form 
an “ Overfat ” class. 

Particulars of some of the weights and measurements that were 
taken are given below : — 

The dressed weight consists of the two sides with the head, feet, 
leaf fat, kidneys, and blade bones still on and which will be removed 
before the sides go into the cure. After the sides bad been cured 
and smoked, the same side of every pig was again weighed. The 
vshoulder was then cut off between the third and fourth ribs and also 
weighed. 

The length was taken from the front edge of the a itch bone to the 
front edge of the first rib. The thickness of the • back fat was taken 
at the thickest (shoulder) and thinnest (loin) parts and two measure- 
ments were taken over the hajii. These measurements were then 
averaged. The depth of the side was obtained by measuring the 
depth behind the shoulder and at 'the flank on the outside and these 
were averaged. The circumferen(*e of the liam was taken where it 
w*a8 the greatest. 

No measurements were made of the thickness of the belly, but. 
it was judged by eye and x)oints awarded. This was also done with 
the marbling of the cured sides and which were judged after the 
shoulders had been cut*off. Points were awarded as follows: A 
perfect score — 10 points, very good = 9, good 8, good medium ^7, 
medium ^6, and poor — 5. 

All the weights were taken in pounds and the measurements in 
inches. 

Before the measurements were taken or the grading done, samples 
of the back fat from one side of each carcase were taken, chopx)ed ux> 
and rendered at the factory at a constant temperature of 110^ C. 
The rendered fat samples were then despatched to the (Uiemical Divi- 
sion, Pretoria, where the refractive indices were determined under the 
supervision of Mr. Van Wvk. The refractive indices are given at 
400 0 , 
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III. ANALYSIS OF THE DATA. 

I^ART A. — Growth. 

1. Prcwcarthif/ Results . 

Sin(*e the data (ollected of ihe pi^s before they were weaned, 
are limited, no detailed analysis is possible. Some of tlie averaged 
results will therefore only be given. 

For TO far rowings the average gestation period was 118*7 days 
for Large Black and Large Wliite sows. This is nearly 1 day less 
than found by (-armichael and Rice (1920), their figure being 114*6 
days for 7 difi'ereut breeds. Of the 89 farrowings the shortest 
gestation peiiod was 105 days and the longest 118 days, 77 per cent., 
however, being from 112 to IIT) <lays. 

The average birth weiglH of 494 j)igs l)oni alive was 2*89 lb. 
There were 271 males and 228 females and their birth weights were 
2*99 11). and 2*78 lb. lespectively. 8*0 per cent, and 8*8 per cent, 
of the males and females respectively, were born dead. When the 
pigs are grou])ed according to the number born per litter, then there 
is a (‘ontinuous decrease in the birth weights of both se^es as shown 
in table 1 : — 

TAanr: 1 . — liirlh Weights of Pigs, 


Litter 8izo. j 6-8. 9-11. 12-14. 15-17. 



M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

No. of pi^s 

38 

26 

108 

103 

79 

64 

22 

20 

Average weight, lb 

1 3 6 

3 17 

3 08 

2 75 

2 69 

2- 67 

2-34 

2‘21 


(huniichael and Ri(‘e (1920) found the same, but the birth 
weight of the males (2*59 lb.) was only *08 lb. inore than that of 
the females (2*51 lb.). Litters of less than 8 pigs at birtli were 
heavier (2.07 lb) tlian the average for all the ]ngs (2*55 lb. for 
5,188 pigs). The litters of more than 8 pigs at birth had an average 
vA*eight of 2*47 lb. Katon (1982) .states that in tlie case of guinea 
pigs litter size and length of gestation period determines more than 
00 per cent, of the birth weight. Haines (1981), also working with 
guinea pigs, found the same influence and also tliat moitality 
increased with increase in litter size, and in the rabbit Hammond 
(1925) states this to be the case also. 

The birtli weight being correlated with the later w^eights, as 
shown by Eaton (1982), and the mortality also being higher among 
the lighter pigs [ Wenck (1981) and Haines (1981)], it is important 
to strive at heavier pigs at birth. This, how^ever, is not the only 
factor to be (*onsidered since for economic pig production a sow^ 
should not raise less than 8 pigs per litter, so that one shoiild find 
out wdiat the optimum number is wdien these two factors are taken 
together The weight of ihe litter at 4 or 8 weeks of age is quite a 
good indication, although the milk supply of the sow plays an 
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important part. For commercial puriioses, however, this is what 
counts. In table 2 an indit^ation is given of the influence of the litter 
size on the total litter weight at 8 weeks of age. 


Tablp: 2. — injluence of Lifter Size on hitter Weight at 8 Weehs, 


Litter Size. 

6 . 

7. 

8. 

0. 

10. 

11. 

1 

12. 

13. 

14. 

15. 

16. 

17. 

No. of litters . . 

3 

3 

3 1 

5 

7 

8 

7 

7 

2 

1 

1 

1 

No. of pigs 
weaned 

14 

20 

20 

34 

56 

59 

63 

63 

18 

6 i 

9 

12 

No. of pigs wean- 
ed per litter. I 

4*7 

() 7 

6-7 

6-8 ‘ 

80 

7-4 

9 0 

9 0 

9-0 

1 

6 0 ! 

9-0 

12-0 

Total litter wt. 
at 8 weeks, lb. 

17.3 

227 

240 

1 

248 

256 

225 

309 

264 

243 

1 

179 : 

215 

33(i 


Although not quite consistent on account of the small number of 
observations, there is nevertheless an iiu'rease at first with an increase 
in litter size uj) to 12 pigs per litter, wJien the weiglits stait 
decreasing. Investigators working with much larger numbers liave 
found the same thing. I'lie percentage weaned j)er littei* decreased 
with increase in litter size, but the decrease was found to be mucdi 
more rapid with litters of more than 12 pigs at birth. Wild (1929), 
for instance, got the following percentages: when all pigs l)orn 
(including those born dead) were taken, the average for all taken 
together being 72 per cent, vveane<l. In litters of over IT pigs, only 
‘35 per cent, were weaned, 12 to Ifi pigs, t)0 per cent., and 8 to 11 pigs, 
80 per (‘ent., and those with less than 8 pigs, 85 per (‘ent. Wem*k’s 
(1981) results also showed a very high mortality fOr litters above 18 
pigs at birth, and he (‘omes to the conclusion that one should vstrive at 
8 to 12 pigs per litter with as high a weight at 4 weeks of age as 
possible, lluchanan Smith (J980) reckons that the ideal litter size is 
from 10 to 12 pigs at birth. 

Of the pigs that were Ihuii alive, 81 j)er cent, of tlie males and 
76 per cent, of the females were weaned. Whether the difl'erence in 
birth weight caused this difference is ditficult to say. Under the same 
( onditioiis one would expect tliat more females would reach weaning 
age than males. From Wenck's (1981) ami Haines’ (1981) investiga- 
tions it seems quite likely that the difference in the percentage weaned 
of the two sexes may have been influen(‘ed by the difference in birth 
M'oight, since the mortality among the lighter higher than 

among the heavier ones. Haines analysing the data ot 80,000 guinea 
pigs, found that of those born alive 1 per cent, more males than 
females were raised to weaning. 

The sows and the idividual pigs were only weighed at 14 days 
intervals after the pigs were 4 weeks old. No data are therefore 
available of the loss of weight of the sows from farrowdng up to 4 
weeks after farrow'ing. From 4 to 8 wrecks after f arrowing the sows 
lost on an average 27 lb. per sow. It also appears that the heavier 
the total litter weight at w^eaning, the larger is the loss in w^eight oi 
the sow as indicated in table 8. 
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Ta bl e 3. — Loss i n Weight by the Sows before Weaning, 


Total litter weight, lb 

180 

200 

220 

240 

260 

280 

300 

320 

340 

No. of sows 

4 

2 

6 

8 

10 

2 

3 

1 

5 

Loss in live weight, lb 

8 

9 

10 

30 

30 

28 

18 

59 

44 


Huszti (19^i0) regularly weighed 22 Maiigalieza hows every 2 
weeks after farrowing and he found that during the first 4 weeks the 
sows lost 1'1*2 Kg. During the fHh week their weights remained 
constant and from the Gth week started to gain in live weight, so 
that at 9 weeks Ihe total loss was 10-6 Kg. per sow. In the abstract 
no litter weights are given, but the average daily gain of the pigs up 
to weaning was only 128 gm. or -28 lb., whereas those under investiga- 
tion gained -52 lb. The Mangaliczu sows are j)robably poor milkers 
and therefore start gaining in weiglit at 5 weeks. 

2. The Wei(flLts at Different Ages. 

When pig recording is started then it is important to have a 
standard growth curve by which to compare the pigs coming from all 
parts of the (‘ountry. As conditions dilfer so much in different 
countries, the standard of one country may not be a]>i)licable to 
another (ouiitry. In table 4 and Diagram 1 the weights of pigs 
are given at dilterent ages up to 21 weeks of age. After that period 
the (|uickest growers were killed, so that the average weights after 
21 weeks of age will not be re])iesentative. Foj* the sake of com- 
parison tlm lesults of other investigators are also in(*luded. 

DJAGHAM I. 

Normal Gams ol liaroiiors. 
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Table 4. — Weights in lb. at Different Ages, 


Age in Weeiks, 



Birth 

2. 

4. 

0. 

8. 

i 

9. 

10. 

13. 

17. 

21. 

25. 

29. 

33. 

37. 

Murray 

2-89 


15 5 

23 1 

32 2 

33 9 

40-3 

02 0 

91 3 

128 2 



! 

— 

Duckfaam. . . . 

2-5 

9 0 

140 

21 0 

28 0 

33 0 

39 0 

59 0 

93 0 

129 0 

170 

215 

261 

302 

(1929) 

DavidHon .... 




20 0 

29 0 

33 5 

37-8 ; 

51 5 

74 0 

104-0 

1.39 

179 

225 

. 

(1930) 

Stahl (1930).. 

2 7 

7 5 

12-9 

20 1 

30-8 

30 5 

43-3 




— 

-- 

- 

— 

Schmidt 















74 8 

112-2 

152-8 

191-4 






(1929) 






1 





1 





rroni Ihe above table it is seen that our fi^>nires a|>Tee well with 
those of Duckhani (1929) and which were used as the standard in the 
East Anj»‘lic-an Pig* Recording Scheme. Our birth weights are higher 
than those of the others and also higher than the figure obtained by 
Carnii(diael and Kice (1920) which was 2*55 lb. Up to 15 weeks 
Duckhani’s curve is slightly below* ours and after that slightly above. 
Stahl’s (1950) results do not show* a big dift'erence either. Those of 
Schmidt (1929), w*hich w*ere obtained from the testing station, 
are much higher than the rest. From the age of 10 weeks oiiw*ards, 
Davidson’s (11150) figures are low*er than the rest. He reckons that 
Duckham’s figures are on the high side for English conditions and 
that too large a percentage of sow’^s are (‘onsequently penalised. As 
regards the w*euning standard (<S w'eeks of age), the dift'erent figures 
correspond well and fall round 50 lb. per pig. The upjjer limit, i.e., 
the age wdien ready for bacon, how^ever, sliow* rather big ditfeieiu'es. 
It w*ould appear that our curve should be taken as the standard and 
only when it appears to be too high for the country should it be 
low'ered. 

Individual Varitihiliiy in Weight , — An analyses has been made 
of the variability in the w’eights of the pigs at the different ages, 
the Aveights of the barrows and gilts being kepi separately. The two 
measures of variability, viz., the standard deviation (vS.D.) and the 
coefficient of variability (C.V.), have been determined and the results 
showm in table 5. 

Tahle 5. — Variahilifg at Different Ages, 



Age in Weeks. 

I Birth, i 

4. 

1 «• 

1 

1 

I 

1 13. I 

17. 

21. 


I 

fNo. of pigs 

271 

197 

194 

193 

68 

271 

289 

270 

so 

I Mean weights, lb,- 

3-09 

18 0 

23-7 

34-5 

34-4 

61-8 

92-1 

132-1 


I S.D., It) 

•729 

3-62 

4-89 

9-0 

7-78 

20-25 

31-24 

44-29 

“ 1 

LC.V., per cent 

23-23 

22-7 

20-65 

26-1 

22-63 

32-76 

33-91 

33-53 


fNo. of pigs 

223 

164 

161 

167 

69 

211 

210 

210 

•ij 

i Mean weights, lb. 

2-85 

15-2 

22-8 

32-0 

33 5 

62-1 

90-3 

126 3 


I S.l)., lb 

•808 

3-02 

4-14 

6-46 

6-66 

19-63 

29-3 

39-26 

iS I 

[C.V., per cent 

27-87 

19-83 

18-2 

i 20 -18 

i6-89 

31-61 

32-46 

31-32 
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Except for the birth (only those })orn alive are inchidecl), 

the standard deviation and the coefficient of variability are hijyber 
for the males than for the females. ITammond (W^2) found that the 
standard deviation of wethers was greater than that of the ewes except 
at 1 week of age, at which age tlie ewe4S were the heavier, whereas the 
wethers were the heavier at the other ages. From the results in table 
5 it does not a})pear as if there is the very close relationshij) between 
live weight and standard deviation as w^as found for sheep by 
Hammond. As the live weight increases, however, so does the 
standard deviation or a<*tual variability. 


The coeffi(*ient of vfn-iability does not show' the same regular 

tendency as the standard deviation. At birth the coefficient of 

variability is high and decreases up to (> weeks of age. At 8 weeks 
there is quite a marked increase for the males and only a slight 
increase for the females. At J) weeks it lias decreased again for 
both sexes. Fjom Id w'eeks f)f age onwards the standard deviations 
and the (*oeffi<‘ients of variability are high, the former continually 

iiuueasing and the latter remaining about the same. Hammond 

(1922) found that the maximum variability in w'eiglit occurred at 7 
months and this corresponds with the maximum dail;^ gain. Our 
figures are rather higlier than those determined by him, except his 
maximum (dd l) which is about the same as found from Id to 21 
w'eeks in table 5. Wentworth and Jmsh (192d) found the maximum 
variability to be at f) months and wdii<h de(‘reased after that age. 
From table 5 it ajjpears that the variability will demease rather than 
increase after 21 weeks, so that tlie maximum was reached at 17 
weeks or 4 months. This is therefore at an earlier age than found by 
Ilamnumd and Wentworth and TiUsh. 


When the weekly gains are taken from birth to 21 weeks of age 
instead of the live weiglits, then tlie coefficients of variability closely 
follow' tin* weekly rate of gain in the preceding period as shown 
below'. Tim differences in the ratevS of gain made hy the ])igs would 
appear to be tin* cause of the variations in tin* coefficients of varia- 
bility at tlie different ages. Only the pigs that were weighed at 9 
\ve(‘ks were taken to get the gain between 8 and 9 wec'ks and ln*nce 
llie difference fiom table o. 


Weeks 


f Weekly jiains, tb. 

li 

^ IC^V., cent... 


{ Weekly gains, lb. 
C.V., per cent... 


Birth. — 4 — b 


1) ~13 -17 


-21 


3-2 


3*b 


5 4 


4-3 


0-8 


7 b 


10. 0 


22-7 20 b 2b.l 


22 b 


32-7 


33 *9 


33 5 


3 1 


3-8 


4 b 


3-2 


71 


b-l) 


8-7 


10 8 


18 2 


20-2 


Ib'O 


31 b 


32*4 


31-3 


d09 



Females. Males. 
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Hanimoiid (1982) discusses the findings of different investigators 
as regards the difference in the coefficient of variability of the sexes. 
Darwin concluded that males were more variable and Havelock Ellis 
(1914) and Karl Pearson had a controversy as to whether man or 
woman is the more variable. Pearson states that woman is slightly 
more variable than man, while Ellis concludes that man is the more 
variable. When no allowance is made for the rate of gain or the 
difference in live weight, then the male (barrow) is more variable 
than the female (gilt) as shown in the present investigation. 

To vsee the variability of the sexes at the different ages, when the 
factor of difference in rate of gain had been eliminated, table (i has 
been prepared. The males and females have been divided into fasi 
(* gaining 1*5 lb. and above per pig per day), medium-fast (gaining 
1*2 to 1*49 lb. per pig per day), and slow (gaining 119 lb. and below 
per pig per day) growers. 


Table (>. — Variahility of Fast, Medium-fast, and SJow Growers. 


Average daily gain — H). .. 


Age in weeks 


TNo. of pigs 

j Mean weight — ttj .... 
1 S.D.^lh 

Lc.v 

! No. of pigs 

Mean weight — Ih 

S.D.—lh 

O.V 


1*.^) 

and above. 


1-2- 

1-49. 



1-19 and below. 


J3 

17 

21 

18 

17 

21 

25 

18 

17 

21 

25 

29 

75 

75 

75 

98 

98 

98 

94 

97 

97 

97 

95 

98 

77-4 

123-3 

178-4 

65-2 

98-2 

187-2 

188-9 

46-9 

64-7 

90-3 

120-0 

162-2 

17-6 

24 8 

28-8 

18-8 

26-2 

26-6 

24- 1 

10-7 

15-7 

19-7 

26-4 

81-0 

22*7 

19-6 

16-3 

28-8 

26-6 

19-4 

18-1 

22-9 

24- 2 

21-8 

21-9 

19-1 

40 

40 

40 

76 

76 

76 

64 

95 

94 

94 

94 

91 

77-5 

119«8 

168-8 

70-2 

10.8-5 

144-1 

J87-8 

49-1 

67-2 

91-8 

119-4 

152-2 

18-6 

22- 1 

24-6 

18*7 

21-7 

24-9 

19-0 

10*8 

16-8 

20-8 

26 -o: 

32-6 

28 0 

18-5 

14-6 

26-7 

21-0 

17-8 

10-1 

22-0 

24-8 

22-6 

21-71 

i 

21-4 


*The gains have been determined from the commencement of the trials until the pigs were slaughtered. 


Eor the fast and medium-fast growers the standard deviations 
and coefficients of variability are consistently lower for the females 
except at 18 weeks for the fast growers, where the variability of the 
females is slightly higher than that of the males. As for tlie slow 
growers there is no consistent differen(*e between the two sexes. 
Diagram II shows the trends of the variability for the different 
groups and sexes. The standard deviation of the fast growing males 
is still im reasing at 21 weeks. The females show a smaller increase 
from 18 to 21 weeks. The medium fast growers show a decrease from 
21 weeks to 25 weeks for both sexes and the slow growers a continual 
increavse. Whereas the standard deviations of the fast and medium- 
fast groups at the different ages, do not show large or consistent 
differences, the coefficients of variability are decidedly lower for the 
fast growers. The coefficients of variability of the fast and medium- 
fast growers show a continual decrease from 18 weeks of age onw^ards, 
while those of both sexes of the slow growers remain fairly constant, 
showing little difference at 18 and 29 weeks. This, therefore, agrees 
with what Hammond (1932) says, that: “ animals, after they have 
had their growth forced by high feeding, should be on the whole less 
variable (coefficient of variability) than those which have previously 
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had their ^^rowth retarded and are still actively growing: As will 

be shown in another se<‘tion the slow gTowers make mu(*li more l apid 
growth later on, and consequently show little cdiange in the co- 
efficients of variability in comparison with the tavst and medium-fast 
growers. 

J)JAGnAM II. 

Coeflic*ients of Variability and Standard Deviations of Fast, Mediimi and 
Slow-growing iiarrows and Gdts. 



(' orrclai l<ni lief tree n 11^7//// t.s* at Ihffvrvui Afjes. — Wild (11)20) 
and Wenck (lO-ll) found lhai the ]>igs which were the heaviest at the 
young stages were also tlie JieaAuest at slaughter. The former took the 
earliest weights at 10 weeks and the lattei* at 4 weeks of age. Ham- 
mond (1902) got the same with sheep. J4ie correlation liecaine larger 
the shorter the iieriod between the end weight and the earlier 
weights. Schmidt and others (1929), however, found no lelation 
hetween the weights at 4 weeks and the weights at slaughter in tlie 
< 7 ise of pigs- 1 r this paper the weights at 21 weeks have not hecn 
(‘orrelated with those of the pigs before they were weaned since only 
recently full preweaning particulars have been kept of the pigs iised 
in the different feeding trials, (kurelation coefficients have, there- 
fore, only been determined between the weights at 4 and 8 Aveeks 
and between the weights at 13 and 21 weeks, the number of animals 
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available beings 338 and 479 respectively. The correlation coefficient 
between the 4 and 8 weeks ages is +0*76± *02 and between the 13 and 
21 weeks ages +0*89± *01. Although the period is twice as long in 
the second case, the correlation coefficient is nevertheless significantly 
larger than in the first case. An important factor which probably 
contributed to this difference, is the milk supply of the sows. Before 
weaning the inherent ability of a pig f<)r growing and the milk supply 
of the sow are the determining growth factors. The pigs under 
investigation received as much feed as they could consume when pui 
in the trials, so that only the one factor had infUience on the growth 
after the pigs were weaned. Ac(*ording to Olofsson and Larsson 
(1930) the sow’s milk still constitutes 40 per cent, of the pig^s diet at 
8 weeks, so that the milk 8ui)ply of the sow is still an important factor 
in this instance. A sow may be a heavy milker at the beginning of 
her lactation but the milk supply may then dix3]) very suddenly, as is 
very often found with cattle. Pigs suckling such sovrs may start oft* 
well but lose again some of the advantage before they are weaned 
and in this way resulting in less strong correlations hetween weights 
at different ages before weaning than after weaning. This is aiiotlier 
strong argument in favour of weighing pigs at 8 weeks (weaning) of 
age instead of at 3 or 4 weeks of age for recording pui’poses. One then 
has a measure of what a sow is ca])able of handing over to the farmer 
and at the same time has an indication of what the pigs will be able 
to do after weaning up to the vslaughter age. 

The actual weights of the pigs at 4 weeks and the weights of the 
same pigs at 8 weeks and weights of pigs at 13 weeks and weights at 
21 weeks, are given below; — 


Tabijc 7. — Relation hetween Weights at Different Ages. 


Relation between weights at 

4 and 8 weeks. 

Relation between weights at 

1.3 and 21 weeks. 

No. of 

Weights at 

Weights at 

No. of 

Weights at j 

W^eights at 

Pigs. 

4 weeks. 

8 weeks. 

Pigs. 

13 weeks. 

21 weeks. 


lb. 

tt). 


lb. 

R), 

3 

8 

,17-7 

6 

20 

71 *3 

3 

9 

20-7 

45 i 

30 

77*8 

14 

10 

22 2 

101 

40 

92*4 

11 

11 

26*5 1 

107 

50 

111 8 

28 

12 

26-6 

66 

00 

140*1 

28 

13 

27 3 

44 

70 

160*4 

28 

14 

30-5 

61 

80 

170.7 

32 

15 

30*9 

39 

90 

183 0 

56 

16 

32 4 

21 

100 

197*8 

31 

17 

36-9 




29 

18 

36*8 

j 



16 

19 

40*3 




26 

20 

38*2 




8 

21 

41*9 




5 

22 

40-2 
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3. Rate of Gain. 

In this section the intention is to see how the rate of gain changes 
for the different groups (fast, medium-fast, and slow growers), and 
also how the gains are influenced by the sexes. It has already been 
shown that the males are slightly heavier than ihe females, but to 
get a better idea of the relationship between the gains of the sexes, 
the weights of the females have been taken as 100 at the different 
ages and those of tlie males expressed as ratios thereof. The actual 
and relative weights are given in table 8, and diagram III shows 
how the relative weights change. 

Tabi.e 8. — Relative and Acttml Weif/kts of liarrotrs and Gilts 

at Different Ages. 



mAGRAM 111. 

Rolative Woiji^hts of Banows and Giits. 



The trend of the relative growth of the barrows and gilts is 
quite definite. At birth the males have appreciably higher weights 
than the females. This difference decreases until it is actually lower 
from the 9th to the 13th week and then the males start increasing 
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ajyain in weight. The drop in the relative weights of the males is 
probably due to the effect of castration and weaning. Between 3 and 
4 months when the females reach puberty their growth is also 
retarded. Wilkens (1929) also found that the difference in weight 
becomes greater in favour of the males with an increase in age. 

The 271 males and 210 females have been divided into fast, 
medium-fast and slow growers to see how the gains of the three 
groups are affected at the different ages. The sexes are divided up as 
follows in the three groups: — 



Fast growers 

Medium-fast growers 

Slow growers 


(gaining 1 *5 lb. 

(gaining 1 *49 lb. 

(gaining 1-19 lb. 


daily and over). 

daily). 

and less). 

Males, per cent 

27 7 

30-5 

35-8 

Females, per cent. . 

190 

30-2 

44-8 


The males have only 8*1 ])er cent, more slow than fast 
growers, whereas the females have 25*8 per cent. more. 

The gains made from birth up to 90 days of age have been 
obtained and then the gains made every 28 days for the individual 

f )igs in the three groups. The gains made up to 90 days of age have 
)een taken as 100 and the subsequent gains expressed as percentages 
of this. The results are given in table 9 and shown in diagram IV. 

Table 9 . — Kelatire and Actual Gains of the Fast^ Medium Fast and 

Slow Growers. 



No. 

of 

Pigs 



Age in Days. 




90. 

118. 

146. 

174. 

202. 

230. 

2.58. 

Males. 









Fast growers — 









Actual gains — lb.. 

75 

•858 

1-544 

1-881 

1-932 


— 

— 

Relative gains.... 


100 

180 

219 

225 

— 

— 

— 

Med-fa«t growers — 









Actual gains — lb.. 
Relative gains 

99 

•726 

a 137 

1-434 

1-687 

1-871 

— 

— 


100 

157 

198 

233 

258 


— 

Slow growers — 









Actual gains — lb.. 
Relative gains.... 

97 

•52 

•624 

•909 

109 

1-477 

1-552 

1 • 85 


100 

120 

175 

210 

284 

1 298 

356 

Females. 

Fast growers — 

1 

1 








Actual gain.? — 1b.. 

40 

•861 

1-525 

1-75 

1-804 

— 

— 

— 

Relative gains 


100 

177 

203 

210 

— 

— 

— 

Med-fast growers — 









Actual gains — lb.* 

76 

•776 

M99 

1-436 

1-588 

1-685 

— ! 

— 

Relative gains.... 


100 

156 

185 

205 

217 

— 

— 

Slow growers — 






1 



Actual gains — lb.. 

94 

•546 

•627 

•888 

1-009 

1-243 

1*414 

1-9R 

Relative gains.... 


100 

115 

163 

185 

228 

259 

360 
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DIAGRAM IV. 

Relative Gains of Fast, Medium and Slow-growing Barrows and Gilts. 



The pigs (aiiie into the feeding trials at an average age of .10 
weeks. The weights at 10 weeks decrease for the three groups, the 
females being slightly lieavier. Even at 00 days the females have 
made better gains than the males within the ditferent groups. At 
118 days (4 months) the fast growing males are showing better gains, 
but in the other two groups the females are still l>etter. It is, 
however, between the ages of 4 and b months tliat the males really 
begin to outstrip the females. The difterences between the sexes in 
the three groups are shown better by the relative gains. The fast 
growing groups show' a rapid rise in the relative gain during the first 
28 days. Tlie steepness of the curves decrease from the 4th to the 
bth months and then the relative gains remain about the same from 
the 5th to the Oth months. The medium-fast grow’ing groups have 
fairly high relative gains during the first 28 days and tlien there is 
also a decrease in the steepness of the curves but not so much as in 
the first group. In the slow' growing group tlie increase is not iniudi 
during the first 28 days and the steepness of the curves iiu’reases up to 
5 months when there is a slight decrease in the steepness but an 
increase again from the 6th month. At the end (8 to 9 months) the 
females show' a very sharp rise ending up near to the males. 

All three groups show little differences between the sexes up to 
4 months. From 4 months the differences in relative gains of the 
males start to show increasing gains over the relative gains of the 
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females and at 5 months the fast-growing group show the largest 
difference between the sexes. The differences of the other two groups 
are about the same. At 6 months the differen(*e of the fast group has 
not increased much but has continued to increase in the other groups, 
the medirim-fast group showing the largest difference between the 
sexes. Both the remaining groups continued to increase in the 
differences, but the slow group shows the largest difference in favour 
of the males at the age of 7 months. The ctirve of the slow growing 
males shows an irregularity between 7 and 8 iiionihs, but shows 
definitely that the difference in gains between the sexes is becoming 
less and is nearly the same at 9 montlis. The curves of the other 
two groui)s have shown the same tendency just before they 8topj)ed 
and would (|uite likely have approached each other if data for longer 
periods had been available. These differences, which first increase 
and afterwards deciease again at diff'ereut ages for the different 
groups, seem to be (*aused by the coming on heat of the females at 
different ages, and tliat the slow g-rowers are influenced more by these 
heat periods than the fast growers. As the animals become older they 
seem to he less affected by heat and hen<‘e the (‘diverging of the 
(‘urves of the vsexes after a lime. 

An interesting study could he made on these lines by castrating 
half the males and half the females and then giving all the same 
management and feeding until they are mature. 

Bart B.— Factory Besults. 

1. Averafje of the two (^rosses. 

Before analysing the data of the pigs of the two crcjsses together, 
it is ne(‘essury to see whether they do not show any marked differences. 
Hansson (1927) analysed the data of the pigs of the Swedish Landrace 
and Large Yorkshire coining from tlie testing station, hut he did not 
find any marked breed differences. Schmidt and others (1929) again 
worked with the German Landrace and the Edels(*hwein and they did 
not find any marked breed differences either. In both the Swedish 
and German results it (jame out very clearly that there were much 
larger differences within the breeds than there were between the breeds. 
The individual hoars and sows exerted gieater influence on the 
progeny than the breed they belonged to. The two Swedish breeds 
and two German breeds mentioned are more or less of the same type. 
This IS also the case wiili the three breeds used, to get the two crosses 
on which this work was done, so that one wull not expect any marked 
(liffrences with the data we are presenting. The average results of 
the tw’o crosses are given in table 10 along with the relative weights 
and measurements. The length, which is an early maturing measure- 
ment, has been taken as 100 and the weights and measurements 
expressed as percentages thereof. 
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Table 10. Average aiul Relative Weights ami Measurements of the 

two Crosses. 


Actual MeaHureraentH. 


Relative Measurements. 



Tamworth 

X 

Large Black. 

1 Large Wliite 

1 Large Black. 

Tamworth 

X 

Large Black. 

Large White 
X 

Large Black. 

No. of pigH 

l.'jfl 

295 



Initial age — days 

711 

71-3 

, - 



Final age — days 

188-0 

189-4 





Initial weight — lb 

46 -a 

48-9 

159 

170 

Final weight - tb 

194-8 

196-2 

669 

682 

Factory weight- —tb 

178 -f) 

180-9 

. - 


IVrcentage of farm weight 

91-6 

92-2 




( Carcase w'cight- - lb 

148-5 

1460 

510 

507 

Percentage of farm weight 

76-2 

74-4 

„ - 


Weight of cured side — ^tb 

50-9 

51-6 

175 

179 

Percentage of farm weight (2 sides) 

52-3 

52-6 



Weight of shoulder — tb 

15-3 

15-6 

53 

54 

Percentage of whole side 

30-1 

30-2 



Average daily gain — lb 

1-306 

1-31 




Length of side- -inches 

29-1 

28-8 

100 

100 

Depth at shoulder- - inches 

16-35 

16-39 

56 

57 

I><'pth at flank — inches i 

15-85 

15-69 

55 

55 

Average— inches j 

16- 1 

16-04 

55 

56 

, Should^T . I 





JVr/Oo — -- — X 100 

Ft rod' 

103-2 

104 5 



— - 

(^ireuniferene<' of ham- -ineh(*s. . . 

23 -.34 

24-06 

80 

84 

Hack fat' (thickest) in inches 

2-03 

2-19 

7-0 

7-6 

Back fat (thinnest) in inches 

1-347 

1-277 

4-63 

4-44 

Average — inches 

1-511 

1-532 

5-19 

5-32 

Kvenriess back fat — fier cent. . . . 

66-4 

58-3 





Thickness of tielly jn^r cent 

81-7 

74-3 

_ , 



Marbling -per cent 

69-5 

70-0 

— 

— 

Refractive index at 40'<' j 

1-4596 

1-4597 

i 

' ' ! 


, c fl.L.S. — per cent | 

42-9 

49-8 

1 

— 

1 • 2 J I.M.- |x*r c<*nt i 

42-9 

20-0 

1 

— 

rS 5® I O.K. — -per cent 1 

9-0 

9-8 

1 


^ ^Inferior -}x*r cent ' 

5-2 

20-3 

1 

— 

The gjiitis made by Ibe jiigs of the Iavo crosses are the 

same and 


the i)ijL»*s were sliui^htered at the same avera<»‘e live weiohts. Tlie 
length of side, tlie thickness of the hack fat and the thickness of tlie 
hellv were somewhat hetter lor the Tam worth cross tJiaii the Large 
Wliit e cross and this affected tlie g’lading to an extent, the first 
mentioned cross having Ih per cent, more first grade car(*ases than 
the second cross. The Large White cross had slightly l)etter hams. 
I^he relative measurements do not show any marked differences either. 


To see Jiow different boars can inffuen(*e the measurements, the 
average results of two Large White hoars and one Tamworth hoar 
are given in table 11. The results of the two Large AVhite ho:ns were 
obtained front the same 7 sows and 4 of these were used ^^i{h the 
^J'aniworth hoar. These pigs were used at the School of Agricvlture, 
(Vdara. 


The average live weights of the ]>igs from the second and third 
boars are the same, hut the weight of the first one is about L*L5 lb. 
higher. The average daily gain of the second boar is the best and 
the first and third are about the same. Tlie progeny of the Tamworth 
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l>oar were much shallower than those of the Large White hoars and 
also had poorer hams. The Tamworth boar had the thinnest back 
fat but the bellies were nevertheless the same as for the boar with 
the thickest back fat, but the marbling of the Tamworth boar was not 
so good. The first and third boars have the same percentage of first 
grade carcases (9fi per cent.), but the third one has more 1 Lean 
Sizable carcases (53*() per (*ent. in comparison with 37*5 per cent, 
of the first hour), but this difference was rather caused by the 
difference in weight than the differencie betw’^een the boars. The 
second War, however, has only 50 per cent, of first grade carcases 
and 27*8 per cent of the carcases are over fat. 


Table 11. — Average Results af three Boars. 


Boar. 

Actual Measurements. 

Relative Measurements. 

L.W. 1. 

L.W. 2. 

Tani. 3. 

L.W. 1. 

L.W. 2. 

Tam. 3. 

No. of sows 

7 

7 

4 

— . 


- 

No. of pigs 

56 

54 

28 

— . 


— 

Initial weight — tb 

463 

42-3 

46-8 

159 

150 

160 

Final weight — lb 

208-5 

195-1 

194-9 

718 

690 

666 

Factory weight — lb 

196-6 

183- 8 

180-2 

— 

— 

— 

Percentage of farm weight 

94-3 

94*2 

92-5 

— 

— 

— 

Carcase weight — lb 

161-7 

154-8 

143-8 

557 

548 

491 

Percentage of farm weight 

77-6 

79-7 

73-8 

— 

— 

— 

Age — days 

175-6 

155-4 

165-1 

— 

— 

— 

Average daily gain — 11) 

1-188 

1-256 

1-181 


— 


Length of aide — inches 

29-04 

28-27 

29-27 

1(K) 

100 

100 

Depth at shoulder — inches 

16-79 

16-8 

16-15 

58 

59 

55 

Depth at Sank — ^inches 

16-64 

16-29 

15*28 

! 57 

58 ! 

52 

Average — inches 

16-72 

16-55 

15-72 

! 58 

69 

54 

Ratio — per cent 

100-9 

103-1 

105-7 

— 

— 

— 

(Circumference of ham — ^inches. . 

24-23 

24-23 

22-83 

83 

86 

78 

Back fat (thickest) —inches 

2-155 

2-169 

1-925 

7»4 

7-7 

6-6 

Back fat (thinnest) —inches 

1-295 

1-395 

1-232 

4-5 

4-9 

4-2 

Evenness — per cent 

60-1 

64-3 

64-0 


— . j 


Thickness of belly — per cent.... 

81-4 

77-2 

76-1 

— . 



~ 

Marbling — per cent 

69-1 1 

78;7 

66-8 

— 

— 

— 

q fl.L.S. — -per cent 

37-5 

24-1 

53-6 

— 



i 1 

55-4 

25-9 

39-3 

— 

— 1 

1 

^ S j O.F. — per cent 

3-6 

27-8 

— 


— 

— 

L Inferior — per cent 

3-6 

22-2 

7-1 

i 3; i 




L.W. Boar 1. — Fairholm Vanguard 7th, Keg. No. 183. Age 
2 years. 

L.W. Boar 2. — Grantham Tom 4th, Keg. No. 278. Age 3 years. 

Tamworth Boar 3. — No particulars available. 

From tables 10 and 11 it is also clear that the differences due to 
the different crosses are quite small when compared with the 
differern^es of the progeny of the different boars. Such marked 
differences were also found between different sows. These small 
differeiK'es between the tw^o crosses, therefore, entitle one to treat the 
data of the two together. In the rest of the paper no dift'erence will 
be made between the results of the two crosses. 

2. Measurements of the different Grcud.es. 

As the grading is done by sight and no measurements are taken 
to determine the grade of the carcase, it will be of interest to see 
in which respects the measurements of the different grades differ. The 
actual and relative measurements are given in table 12. 
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Tabi^e 12 . — Average Mea.vifrements of the diffetent CavcaHe Grade,^. 



Actual Measurements. 

Relative Measurements, 

Grade. 












ILS. 

TM. 

O.F. 

2LS. 

2M. 

ILS. 

IM. 

O.F. 

2LS. 

1 2M. 

No. of pigs 

194 

126 

43 

74 

14 





_ 

Initial age — days. . . . 

70-5 

70-5 

71-3 

72-2 

68-3 


— 

— 


— 

Final ago — days 

194-4 

184-7 

174- 1 

192-6 

181-3 

— 

— 


— 

— 

Initial weigh — tt). ... 

48-4 

48-0 

49-1 

46-8 

44-5 

167 

165 

171 

164 

153 

F'inaJ weight — ^Ib. . . . 

193-2 

2fMJ-« 

199-2 

190-5 

198-9 

668 

690 

694 

666 

686 

Factory weight— “ft).. 

177-0 

186-4 

185-1 

174-1 

181-6 

-- 

— 

— 

— 

— 

Per cent, of farm wgt. 

91-6 

92-8 

92-9 

91-4 

91-3 

— 

— 

— 

— 

— 

Carcase weighs — ft).. 

144 

150-8 

151-4 

139-5 

145-9 

498 

518 

527 

488 

503 

Per cent 

74-5 

75-1 

760 

73-2 

73-4 

-- 

— 

— 



— 

Weight curt^d side— ft). 

49-7 

52-7 

54-8 

50-5 

53-0 

172 

181 

191 

177 

183 

Per cent. (2 sides).. 

51-4 

52-5 

55-0 

53-0 

53-3 

- 



— 

^ — 

Weight shoulder — lb. 

15-2 

15-9 

16-7 

15-4 

15-7 

53 

1 

55 

58 

54 

54 

Per cent, of side. . . . 

80-6 

30-2 

30-5 

30 5 

29-6 

! 

-- 


-- 


Average daily gain — 

1-234 

1-377 

1-527 

1-244 

1-404 







— 

lb. 

l.rf*ngth“ inches 

28-94 

29-12 

28-72 

28 -.59 

29-0 

100 

100 

100 

100 

100 

l)i*pth at shoulder — 

16-19 

16-62 

17-0 

16-05 

16-68 

56 

57 

59 

56 i 

58 

inches 











Depth at flank — ins. 

15-55 

16-13 

16-4 

15-31 

I 

15-93 

54 

55 

57 

54 

55 

Average —inches 

15-87 

16-38 

16-7 

! 15-68 

! 16-31 

55 

56 

58 

55 

56 

Ratio 

104-1 

103-0 

103-7 

104-8 

104-7 

— 


— 

— 

— 

(Urcumfercuice ham — 

23-7 

23-9 

24-16 

23-8 

23-9 

82 

82 

84 

83 

82 

inches 

Back fat (thickest)— 

2-03 

2-222 

2 502 

2-157 

2-342 










inch 

Back fat (thinnest)-*- 

1-17 

1-39 

1-642 

1-225 

1-386 










inch 

Average — inch 

1-411 

1-634 

1-818 

1-492 

1-675 

4-9 

5 6 

6-3 

5-0 

5-8 

Kvenness — per cent. . 

57-6 

62-6 

65-6 

56-8 

59-2 

— 

— 

-- 

— 

— 

Thickness of lielly — 

77 0 

83-8 

82-3 

64-5 

68-1 

— 



— 

1 — 

per cent. 

Marbling — per cent.. 

68-2 

70-4 

76-7 

67-8 

75-0 

— 


— 


— 

Refractive index 

1 -4598 

1-4594 

1-4593 

1 -4597 

1-4596 

— 

1 

_n 

1 — 



The two gfrades 2 Lean Sizable and 2 Medium iiudude pigs whitdi 
may have the CH)rrei't thickness of back fat to fall in one of the firsi 
grades but may be too short, or long enough but “ unfinished or 
both length and the back fat may be alright but the belly may be 
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too thin. The averapje measurements of these mentioned factors are 
therefore not of the same value as those of the other three grades. 
The three grades 1 L.S., 1 M. and O.F. all have the same initial 
weights, but the other two grades were lighter at the commencement 
of the trials. The final weights are the lowest for the two L.S. grades, 
whereas the other three grades are about the same. The final ages 
show large differences, being highest for the 1 L.S. grade (194 days) 
and lowest for the O.F. grade (174 days), the 1 M. grade being in- 
between. The two inferior grades correspond to Ihe respective first 
grades. The average daily gains are in the same order as the final 
ages of the five grades. 

The loss in weight on the journey is lowest for the 1 M. and O.F. 
grades and the other three grades had larger losses which are alx)ut the 
same. The carcase percentage shows an increase from 74 5 per t‘ent. 
for the 1 L.S. grade to 7b O per cent, for the O.F. grade, the 1 M. 
grade being 75 1 per cent. It is rather striking that the carc^ase per- 
centages for (he two inferior grades (2 L.S. and 2 M.) are lower than 
those of the other three grades, although both have thicker back fat 
than the 1 L.S. grade and the 2 M. being fatter than the 1 M. as well. 
The percentag*e of cured sides to farm live weight increase from 51*4 
per cent, for the 1 L.S. grade to 55*0 per cent, for the O.F. grade, 
the 1 M. and the two inferior grades being in between. The 
percentages of the shoulder to the whole side do not show any sig- 
nificant differences between the grades. All the relative weights, 
except the initial weight, show an increase from the 1 L.S. grade to 
the O.F. grade with the 1 M. grade in between and the inferior grades 
corresponding more or less to the two first grades except in carcase 
weight where they are somewhat lower. 

The small difference in length between the 1 L.S. and 1 M. 
grades are probably only due to the difference in weight, but the O.F. 
grade is shorter than the previous two. The 2 L.S. is tlie shortest 
of all the grades. The actual as well as the relative depth of the side 
increases trom 1 L.S. grade to the O.F. grade. The ham also shows 
improvement. The evenness of the back fat improves with fattening 
and so does the thickness of the belly up to a point. The thickness 
of belly of the two inferior grades are much low*er than the other 
grades. The marhliug improves with fattening hut is not affected 
by the inferiority of the two grades. When the depth at the flank is 
taken as 100 and the depth at the shoulder expressed us a perc entage 
thereof, the inferior grades show a larger per(*entage than the other 
grades, the 1 M, grade being the lowest. The refractive indic’es 
coirespond with the thickness of hack fat of the diffeient grades, ihe 
1 L.S. grade having the softest fat and the O.F. grade the hardest fat. 

The 208 males and 183 females are diwstributed among the five 
grades as shown below ; — 



Males, 

Females, 


Per cent. 

Per c^nt. 

1 Lean Sizable 


56 8 

1 Medium 


28-4 

Overfat 

12-7 

4*9 

2 Lean Sizable 

20*9 

9*8 

2 Medium 

5-2 

— 
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The males only have (51 per cent, carcases in the two first grades 
whereas the females have 85 per cent. The 1 M. grade does not show 
much difference between the sexes, but the large difference is in the 
1 L.S. grade which is also the most desirable grade of carcase. This 
large difference in favour of the females has also been found in the 
Stjandinavian countries as shown by the percentages in table 13. 

Table 13 has been prepared to show how some of the more im- 
portant measurements of the 1 L.S. grade compare with the first 
grades of other bacon producing countries. 


Table 13. — Some Avaaf/e Measvrewentfi of First Grade Carcases in 

Different Countries, 


Country. 

Live 

weii^ht. 

[ Gain 
per day. 

t 

Length.j 

i 

Depth. 

Belly. 

Back 

fat. 

♦Per cent, of 
the sexes. 


rb. 

tb. 

in. 

in. 

in. 

in. 

M. 

F. 

SuediHh (1) 

201 

109 

•Mae 

— 

1*311 

1*44 

28*3 

1 

11 1 

Danish (2) 

201 

114 j 

— 

i 

1*221 

1-42 

37-7 

62-3 

English (3) 

1 200 : 

•74 1 

1 

30- 10 

— 

— 


— 


South African i 

193 

* 1 

•99 

2894 

15-87 

1 1*2 

1 1 

1*411 

37*4 

62*6 


(1) Hanstjon (J927). (2) Bock (1931). (3) Davidson and Duckham (1929). 

♦Tho poroontagoB of th<* male and femaloB are those when an equal number of both sexes 
are ulauphtered without previous grading or selection. 


The average live weight of the 1 L.S. pigs is below that of the 
first grade pigs of the other countries. This is, however, not of such 
importance as the average length of the 1 Tj.S. grade which is much 
below those of the two (ountries given. From general observation it 
appeared that a large percentage of the pigs sent to the bacon 
factories are deheient in length. Tlie regulations of the new classes 
for bacon of recorded pigs, at the London Dairy Show, stij)ulate that 
a (arcase of 140 to 149 lb. should have a length of 29*25 inches to 
qualify. The average carcase weight of the 1 L.S. grade is 144 ll). 
and tile length only 28*94 inches. This is, therefore, the main point 
where improvement is ne<essary, since the other measurements agree 
well with those of the other countries. 

3. Effect of Weight and Se.v on the Measurements. 

When the type of ])ig is the same, then weight plays an impor- 
tant part in determining the grade of the carcase in bacon production, 
and first grade carcases will fall in fairly narrow weight limits. To 
see what effect weight had on our results, the data have been grouped 
in three weight classes in which the sexes were kept separately. The 
actual and relative results are given in table 14. 

There is no significant difference between the initial ages of the 
three weight groups and the sexes within the groups, while the final 
ages decrease with increase in weight, the females in all the groups 
being older than the males. For a better eomparisou the ages to reach 
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a weight of 200 lb. for the different groups are also given. When 
the pigs w’eighed less than 200 lb., the gams made during the week 
before slaughter were used to determine the length of time they 
would have taken to reach the 200 lb. mark. The males took 7 days 
less to reach a live weight of 200 lb. than the females in the lightest 
group. The age of the males decreased about 10 days each time that 
the average live weight increased 11 to 12 lb., but the decrease in the 
case of the females is more rapid, so that in the heaviest group the 
ages to reach a weight of 200 lb. by the males and females, differs 
only by one day. Nearly the same changes are shown by the average 
daily gains of the pigs while in the feeding trials. This difference in 
gain between the light and heavy groups was also found by Hansson 
(1927). A factor that may have influenced this to some extent was, 
that the (juickest growers had sometimes to be kept at the farms after 
they were ready for slaughter, before dispatching them to the factory 
so as to have large enough consignments. One would rather have 
expected that the lighter groups were those that had finished first, 
i.e. the quickest growers and not the opposite. 


As regards the initial weights only the heaviest grou}) is some- 
what higher, indicating that the pigs had stai*ted to gain on the others 
at the commencement of the trials. The shrinkages eu route, the 
carcase percentages, the perc entage of cured sides and ihe weight of 
the shoulders do not show any significant ditferenc'es between the 
different weight groups. In all the weight groups the females have 
lighter cured sides even where the average live weight- was the same 
as for the males or slightly above, and the percentages of the luied 
sides show this difference. The difference in degree of fatness betu een 
the sexes may have affected this to some extent. Although onl>' ver^ 
small, the differences between the percentages of shoulder to whole 
side, are consistently smaller for the females than for the mules in 
the separate groups. 

• 

The length increased -3 to *5 of an inch with an increase of 
11 to 14 lb. in live weight. The correlation (oefficdent for farm 
live weight and length is -f 0*48± *02. Excejff for the lightest group, 
where the lengths are the same, the females sj-e longer than ihe 
males. 

The depth of the side, increases with increase in weight, and has a 
correlation coefficient of -h 0*5 ± *02, which is about the same as 
that between weight and length. The ratio of shoulder to flank depth 
shows that, with increase in weight the flank depth increases more 
rapidly that the depth at the shoulder. In every weight group the 
males are deeper at the shoulder than the females, hut the latter are 
again deeper at the flank and the average depth of side is also 
consistently larger for the females. This better development of flank 
to shoulder for the females is also clearly shown where the depth of 
the shoulder is expressed as a percentage of the depth at the flank. 
Wilkens (1929) found that the female develops strongly in all 
directions whereas the boar develops mostly in lieight and lengtli 
during the first year, while breadth and depth, development lags 
behind. 
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Although the actual circumference of ham increases with an 
increase in weight, the relative ineasurement shows no difference 
between the groups. Within the weight limits studied, the hams have 
therefore made no improvement when the plumpness is determined as 
above. 

The average thickness of the back fat increases with an increase 
in weight. The relative thickness increases as well. The correlation 
coefficient between farm live weight and thickness of back fat is 
-f 0*26 ± *03. In all the weight groups the females have thinner 
back fat than the males. The evenness of the back fat shows little 
(iifference between the groups. The thickness of the belly shows a 
definite increase and is higher for the females in the same weight 
group in spite of the fact that the females have the thinnest back fat. 
The marbling tends to remain the same^ being better for the males in 
all the groups. Wilson and Morris (1932) made a study of the 
composition of rabbit carcases and found that the flesh of males and 
females differed markedly and that the greatest differen<*e was in the 
fat content. The females had approximately 4 per cent, more fat than 
the males in the young group and approximately 6 per cent, more 
in the adult ’’ group. This seems to show the influence of the male 
sexual organs since the opposite happens in pigs where castrated males 
are compared with normal females. In humans the female also has 
more fat deposited than the male. Gramlicli and Thalman (1930), 
working with steers, spayed heifers and open heifers, got results whicsh 
are somewhat contradictory to those found with the pigs in so far 
that the open heifers w^ere finished before the steers. It is 
possible that there may be differences with different animal species. 
At 5 months Hammond (1932) found that the ew^e had a higher 
percentage of meat and a lower percentage of bone than either the 
wether or the ram and reckons that this may be associated with the 
ewe’s more early maturity, for the ac‘tual growth made by the wether 
and ram at 5 months was greater. The wether showed greater develop- 
ment of fat than both the ram and the ewe and he says that the 
removal of either the ovary or the testes is stated to be accompanied 
by a deposition of fat in the body. This therefore agrees with our 
results wdiere the barrows are fatter than the females. 

Except for the weight of the shoulder and the tliickness of the 
back fat, the relative measurements do not show any differenc^es 
between the sexes. In all cases the relative measurements increase 
with an increase in w^eight. 

The grading of the carcases in the three groups and the sexes in 
the different weight groups, is interesting. A better picture of the 
differences is given by diagram V. than the actual figures. 

Between the lightest and second lightest weight groups there is 
hardly any difference in the percentages of 1 Lean Sissable carcases. 
The percentages of Overfat carcases are also the same. There is an 
increase in the percentage of 1 Medium carcases and a decrease in 
Inferior carcases. While the 180 to 189 lb. group has 65 per cent, 
first grade carcases, the 190 to 199 lb. group has 80*4 per cent. The 
heaviest weight group has 72*2 i^r cent. fi.r8t grade carcases. There 
is, however, a decided decrease in the percentage of 1 Lean Sizable 
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DIAGRAM V. 

Grading of Barrows *and Gilts at Different Live Weights. 



carcases and an increase in 1 Medium and Overfat carcases, while the 
percentage of Inferior carcases remains constant. From this it ie 
clear that for hacon purposes the best weight at which the pigs should 
be slaughtered is between 190 and 199 lb. live weight on Ihe farm. 
The carcase weight obtained is on the average 146 lb. This is borne 
out by the results obtained in Sweden and Denmark. In Denmark^ 
for instance, the highest x>rice is paid for first quality carcases when 
they weigh from 189 to 150 lb. 

The males and females in the three groups show very marked 
differences as far as the grading is (*oncerned. The males show a 
continual decrease in the percentage of 1 Lean f^izable carcases and an 
increase and then a decrease in 1 Medium earc^uses, with an increase* 
in live weight. For first grade carcases (1 Lean Sizable and 
1 Medium) the percentage rises from 54*6 per cent, to 68*4 per cent, 
and then decreases to 57*4 per cent. The Overfat carcases show a 
continual increase from 9*1 to 19*2 per cent. The percentage of 
Inferior carcases decreases. The females on the other hand first show 
a rise in the percentage of 1 Lean Sizable carcases and then a drop, 
while the 1 Medium carcases increase continuously. For first grade 
carcases the percentages from the lightest to the heaviest groups are 
75*5, 92*3 and 87 0 per cent., respectively. There is an increase in 
Overfat carcases and a de(irease in Inferior carcases. In the different 
weight groups the females have much higher percentages of first 
grade carcases than the males. The three main factors contributing 
to these differences in grading are, {a) the thinner back fat, ib) the 
thicker bellies, and (c) the slightly longer sides of the females. These 
very marked differences between the sexes have also been found in 
the Scandinavian (‘ountries where pig products are produced mainly 
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in the form of bac^on. OLson and Bull (1931) have analysed the data 
of ham and bacon belly yields of the carcases of 240 barrows and 205 
^ilts which were slaughtered at an average weight of 225 lb. They 
found that the average difference in dressing percentage was 0*5 
per cent, in favour of the barrows, gilts averaged 0*39 per cent, more 
ham than the barrows; the bellies of the barrows were 0*23 per (‘ent. 
heavier than those of gilts; loin yield was 0*43 per cent, in favour 
of gilts; barrows were 0*1 per cent, fatter, on an average, tliau gilts. 
With other comparisons they also found only very small differences 
and they come to the conclusion that from a commercial standpoint 
the differences are not signifi(*ant. This is rather different tcj what our 
results and the Scandinavian results show. Whether the difference in 
slaughter weight and the difference in assessing the value, caused the 
difference in comdusions arrived at, is not clear. As far as the 
production of bacon is concerned, however, there can be no doubt that 
ihe gilts are superior to the barrows to a very marked degree. 

4. The Influence of the Rate of Gain. 

The idea lias been commonly held that for bacon purposes pigs 
sliould not be allowed to grow too fust as they are then more liable 
to be too fat than when they are growing at a slower rate. In the 
reports of the East Anglian Pig Recxirding Scheme (1929) it tiame 
out clearly that the pigs in the herds making the slowest gains, gave 
tlie best results as far as grading is concerned. It is also well known 
that the slower the rate of gain the higher is the feed cost on account 
of the larger projiortion of feed required for maintenaiHie. Hansson 
(1927), hoM'ever, on analysing the data of the Swedish testing vstations 
(‘oncludes that, when ])igs receive the proper feeding stuffs then the 
fast growers give better results than the slow growers as regards 
(|uality of carcases. In table 15 the average results are given after the 
data had been grouped according to the rate of average daily gains 
made by the pigs. The same groups have been used as in a previous 
part of tlie paper, and the live weights are kept constant. On account 
of the differences existing between the sexes, their results are given 
separately in the different weight and gain groups. This is also done 
in the subsequent groupings. 

The initial ages show no consistent differences between the fast 
and slow growers, while the initial weights show an increase with 
increased rate of gain. At an age of about 10 weeks therefore, the 
quick growers already show a difference and this is more marked in 
the heavy than in the light groups. 

The shrinkage on the journey shows a tendency to decrease with 
an in(*reased gain, but this is rather a more indirect influence since 
the quick gainers are fatter and have deeper sides than the slow 
gainers. The same is the case with the dressing percentage and the 
percentage of cured sides. The small difference in the }>ercentage of 
cured sides in favour of the males is again manifested. The pro- 
portion of shoulder to full side does not show much change, although 
the tendency is to decrease wdth that of the females slightly low^er 
than that of the males. 
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In the 180-189 lb. group there is no significant difference between 
the length of the males and females, but in the other two weight 
groups the females are throughout longer than the males. There is,, 
however, no consistent change in length with the increase in the rate 
of gain. The correlation coefficient for the rate of gain and the length 
of the side is -f 0 13 ± 03. The slight positive correlation 
coefficient is probably due to the increase in weight and not the 
increase in length since the w'eight was not kept constant in deter- 
mining the corielation coeffittient. The average depth of a side 
increases wn'lh an increase in the rale of gain. It appears that the 
increase in the depth at the flank is slightly more than at the 
shoulder. The depth of side and the rate of gain has a correlation 
coefficaenl of -f- 0*32 ± *03 when ihe weight is not kept constant, so 
that weight may have iiifluen<*ed this also to some extent. The 
grouping of the daia, liowever, show’s that there is a definite correla- 
tion between depth of side and rate of gain. When the weight is 
kept constant then one WM)uld expect that with an increase in the 
depth of the side the lengtli w’ould rather decrease than increase. 
Since the depth and the rate of gain are quite strongly correlated 
there may be an indirect effec t on the length when the rate of gain 
increases. Table lb therefore represents the results of males and 
females wdiere the weight and depth has been kept constant so as to 
see the effect of the rate of gain on the length. 

Kxceq)! in the last two depth groups, there is no consistent change 
in the length of the sides as the rate of gain increases. Only the last 
two groups show a consistent decrease in length. It therefore appears 
that rate of gain has only a very slight effect on the length of the side 
and that this slight eftecd is rather negative, i.e. length will rather 
decrease wdth an inciease in rate of gain than the opposite. 

Tliere is a decoded increase in the average thicdmess of the hac’k 
fat w’ith an iiicoease in the rate of gain. The correlation coefficient 
is -f 0*3o ± *03. The evenness of the hack fat increases as well, hut 
there is no difference between the sexes. To eliminate any influence 
that may be dne to the increase in the depth of the side as the rate 
increases, the weight and the de})th liave been kept constant in table* 
17 so as to see the effect of the rate of gain alone. 

When only the rate of gain increases the thic‘knevss of the back 
fat still shows a definite increase. 

In tables 14 and 15 it has been shown that the average thickneSvS 
of the hack fat of males and females inc*reases as the weight and the 
average daily gain increase. To see whether the males or females 
fatten more qui(‘kly when the weight or rate of gain increases, the 
thic‘kness of tim back fat of the females have been expressed as i>er- 
ceiitages of that of the males. With an increase in weight the 
percentages are: — 


Weight — lb. 

180 

1«0 

200 

210 

220 

Percentage. . 

94*0 

9.30 

94-6 

90*6 

94*2 
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Weight apparently has no influence on the rate at which the back 
fat increases. The influence of the rate (>f gain seems lo affect the 
males and females differently as shown below : — 


Rate of Gain — Tb 
Percentage 


1 *19 and below j 

91-3 1 

1 


1 * 2-1 *49 1*5 and above 

96*4 95-0 


The same thing is shovyn in table 18 where the thickness of bad 
fat at different rates of gain have been expressed as percentages oJ 
the ba<*k fat wlieu the gain was the lowest. 


Tablk 18. — I tiflucm'v of Rafe of (rain on the Increase tn Th icknesi 
of Bach Fat of Males and Females. 


Averaj;f‘ (lail\ 

•8-- 9 

1-0 M 

J-2-1-3 

T 

1-4-1-5 

I 

1 -6-1-7 

1 

j I-8-1-9 

Mah^. 

No. of Pigs. 

28 

73 

60 

1 

; 65 

28 

1 

Thickness of hack fat -in. 

1-459 

1-505 

1-544 

1 1-6 

l-60<i 

1 1-719 

Relative < hick ness — • |x^r 
cent j 

100 

107 

] 

106 

[ 

i 110 

1 

110 

i 

1 118 

JPnmtles. ! 

No. of pigs j 

i 

30 1 

i ' 

1 44 ! 

' 41 

j 48 

17 

j 

i 3 

Thiekness of back fat" -in, ' 

1-36 

1-423 

1 1-462 

1 1-581 

1*518 

1-67 

Relative thickness — ■ per | 
eeiit 1 

100 1 

1 

108 

1 116 

! 112 

123 


I 


Both methods of ex})iessing the rate of increase in the thickness 
of back fat indicate that as the rate of gain increases the thickness 
of tlie back fat of ihe females imueases at a more rapid rate than 
that of the males. 


The bellies show an improvement as the rate of gain increases but 
the niarbling shows no consistent change but tend to de(*rease and 
then increase again. Since the thickness of back fat shows an increase 
as the rate of gain increases one would exiiect the marbling to im- 
prove. It may be that age had an influem e since it is reckoned that 
marbling improves with age. In this case the quickest growers, and 
also the fattest pigs, were the youngest. In table 19 the thickness of 
back fat is kept constant to see the effect of mte of gain on marbling. 

For both males and females the group with the thinnest back fat 
shows a continuous increase in marbling. In the other two groups, 
however, the slowest growers of both sexes have the best marbling, 
then there is a drop to the next gain group and then there is a slight 
rise again. To see the effect of age the data are grouped with the 
back fat again remaining constant while the age increa.-es. 
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This decrease and then a^ain an increase (w hich is more marked 
than in table 19) in the marbling is also taking place when the age of 
the pigs increases, and this is very consistent in all the groups for 
males and females* We can give no explanation for this change 
unless there are two factors influencing the marbling; the one con« 
nected with early maturity, the effect of whicli decreases as the age 
increases, until the advanced age asserts its influence wdien the degree 
of marbling increases again. 

Both males and females show rather marked decreases in the per* 
centages of 1 Lean Sizable carcases as the rate of gain increases, 
while the 1 Medium carcases first increase and then decrease again. 
When the total percentage of first grade carcases are taken then there 
is first an increase from the slow growers to the medium last growers 
and then a fall to the fast growers. From this it wx>uld therefore 
appear that there is an optimum rate of growth for baconers, viz., an 
average daily gain of 12 to 1*49 lb. This di>es not agree with 
Hansson’s (1927) results w^here the quickest growers showed slighlly 
better grading than the slow^ growers. 

The results, as shown in table 15, show* clearly thal one cannot 
influence the length of the baconers to any marked extent by changing* 
the rate of gain of the pigs. One can, however, influence the depth 
of the sides and the degree of fatness by changing the rate of grow^th. 
This is what one would expert knowing that length growth takes ])lace 
early in the life of an individual whereas depth and width are latei* 
developing, especially in the males, as shown by Wilkens (1929 >. 
This is also the case with the amount of fat deposited. Bone and 
muscle development take place first and only then does a storage of 
fat take place [Hammond (1929)]. Length cannot therefore be 
influenced to a significant extent by the feed, and consequently we 
cannot agree with the conclusion arrived at by Scdiutte and Murray 
(1931), that barley had a favourable influence on ihe length of fl»e 
pigs. It is only through breeding and selecting the retiuired type of 
pig that one will succeed in altering* the length. Slow^ gi'owing pigs, 
being shallower than quick growing ones, may give one the impression 
that they are longer than the quick growlers. 

5. The Influence of the Length of Side on the Carcase Measurements^ 

Length in relation to* the weight is one of the most important 
factors in judging the value of bacon sides. It is therefore important 
to know how the carcase measurements may be affected when we start 
increasing the length. For a definite weight, the ideal bacon pig 
should be long, deep and wide. It is, however, impossible to increase 
all these dimensions when the w^eight remains constant, consequently 
one or other measurement must suffer w^hen length, for instance, is. 
increased. The results where the carcases have been grouped accord- 
ing to length, are given in table 21. 
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AlfALYSIS OF GROWTH AND CARCASE MEASITREMENTS OF BACONERS. 

The initial and final ages of the different length groups do not 
show any consistent tendency, neither is this the case when the ages 
to reach 200 lb, live weight are compared. The initial live weights 
vary and consequently no definite relation can be seen between length 
and average daily gain. As has been discussed above, length rather 
decreased with an increased rate of gain than the opposite. Hansson 
(1927), however, found that the long pigs made a larger average daily 
gain ({) ()38 Kg.) than the short pigs (0*611 Kg.). Ilansson did nit 
keep the weights constant in comparing the long and short pigs so 
that the former were on an averag'e 2 Kg. heavier than the latter. 
In our results, and also found by Hansson, the heavy pigs made the 
quickest gains and it would, therefore, appear that the differeni^e in 
live weight rather caused the difference in gains between the long 
and short groups, than the difference in length as was found by 
Hansson. 

Although the tendency is not definite, it still appears that there 
is a slight decrease in dressing pertientage and percentage of bacon 
sides with an increase in length, Hansson (1927) found a very small 
decrease in the dressing percentag'e of the long pigs and Larsson 
(1928) got a positive correlation between length of side and weiglit 
of head and feet. In table 21 the thickness of the back fal decreases 
as the length increased which was also the case with both Ilansson ’s 
and Larsson^s results. This would tend to influence the dressing 
percentage. When length increases one would, however, expect to 
find the head and legs somewhat heavier as was found by Larsson. 
In our results this will influence the percentage of cured sides, which 
was, however, very slight. 

With an increase in length the depth of the side dec reases when 
weight remains constant. The males in the heaviest group sliows the 
opposite, but in the other groups the tendency seems to be definite. 
The correlation coefficient for length and depth of side is 0 ll± -Oo 
when the live weight is 190-199 lb. The relative depth of the side 
decreases to a marked extent when the length increases. The circum- 
ference of the ham shows hardly any ehange, but when it is expressed 
as a percentage of the length then there is a decided decrease. If Ihe 
length of the leg increases when the length of the side increases then 
the ham of a long pig will be much less plump that that of a short 
one, w’^hen the circumference is expressed as a percentage of the 
length of the side. This takes place when one looks at the different 
types of pigs. Hansson ^s (1927) results show a decrease in the points 
awarded for the hams whem the length increased. 

The average thickness of the hack fat decreased with an increase 
in length. The males in the heaviest group show" the opposite. The 
correlation coefficient for these two factors is- 0*03 ± *03. The 
weight w as not kept constant in determining the correlation coefficient 
and this resulted in no correlation since weight and thickness of ba(‘k 
fat and weight and length are positively correlated. The effect of 
length is (onsequently neutralised w"hen the weight imreased with 
the length. Larsson (1928) found a negative correlation between 
length and the thickness of the hack fat (- 0*28 ± *07) w^hen he 
kept the live weight constant. The length does not affect the evenness 
of the back fat significantly as showm in table 22 wdien the thickness 
of the back fat remains constant. 
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Table 2‘i . — Infiiicnce of Degree of Fatnes'^ on Carvcifie MeasyremenU, 
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The thickness of the belly decreases with an increase in the 
length. The marbling shows no definiie trend. 

The pen.entages of 1 Lean Sizable carcases in the first two weight 
groups increase with an increase in length when the males and females 
are taken together. This is not so with the heaviest group where the 
shortest pigs have the highest percentage of 1 Lean Sizable sides. 
In all the groups there is a larger percentage of 1 Lean Sizable female 
(iarcases ex<‘ept in the longest group of the 180-189 lb. weight group 
wdiere a large per<*entage (40 per cent.) of the female carcases were 
unfinished 

6. 7'Jie Influence of the Degree of Fatness on the Favcnse 

Measure m ents . 

To see how fattening influences the carcase nieasureineiits the 
data have been groujied according to the thickness of the back fat. 
According to Larsson (1928) the thickness of the back fat is the best 
indication of the degTee of fatness of a pig. The results are shown in 
table 2 : 1 . 

The initial and final ages decrease with an in(*rease in the degree 
of fatness within the different weight groups. The initial weights 
also tend to decu’ease. The average daily gains increase as the thick- 
ness of the back fat increases and the correlation coefficient is 
4- O'df) ± *0d. The ages to reach a live Aveight of 200 lb. decrease 
markedly, there being a difference of about 14 days betweerj the 
fattest and leanest pigs in the three weight groups! The actual age 
anti the thickness of the back fat is negatively correlated 
( ~ 0*24 ± Od). To see at what ages the rate of gain for the dilferent 
fat groiips shoAV the largevst gains, the aA^erage daily gains at different 
periods have been determined and exj)ressed as pert^entages of the 
gains made from birth up to 90 days of age. 1'able 24 and diagram 
f) show the trends of the different grouj>s. 

Tahlk 24. — Actual and Relative Gains nunle hg Pigs of Different 

Degrees of Fatness. 


Ago in Weeks. 



No. 






j 

! 

_ , . 


of pigs. 

1,3 

17 

21 

25 

.9 j 

33 1 

37 

_ 

M ales. 

Back fat. 1 • 24 and 






i 





l)elow- — incJies 

5 

•824 

115 

1-394 

1-398 

— . 

i 



Relative — per cent,. , . 


100 

140 

169 

170 

— 

1 

. _ 

1-25-1 ’49— inch 

66 

•702 

1122 

1-4 

1-689 

1-573 





Relative — per cent 


100 

160 

199 

226 

224 

— . 



1-5-1-74 — inches 

124 

•686 

1048 

1-396 

1-439 

1-67 

1-395 

1-843 

Relative- “per cent 


100 

153 

203 

210 

243 

203 

269 

1 • 75 and above — inch 

68 

•665 

1073 

1-314 

1-417 

1-494 

IS 

1-893 

Relative— -p<5r cent, . . . 
Females. 


100 

161 

198 

213 

225 

271 

285 

1-24 and below — inch 

12 

•667 

•854 

1181 

1-243 

— , 





Relative— per cent 


100 

128 

177 

186 

— i 

— 



1 • 25-1 • 49-^inoheH .... 

74 

•746 

1001 

1*311 

1-365 

1-496 

1-267 

1*531 

Relative — per cent. . . . 


100 

134 

176 

187 

200 

170 

205 

1 • 5-1 • 74 — inches 

92 

•654 

1029 

1-231 

1-32 

1-325 

1-601 

2-276 

Relative — per cent 


100 

157 

188 

202 

203 

230 

348 

1*75 and above — inch 

22 

•663 

1037 

1-269 

1-293 

1168 

1-479 

2-028 

Relative — per cent — 


100 

156 

191 

195 

175 

223 

306 


3.39 



ANALYSIS OF GBOWTH AND CARCASE MEASUREMENTS OF BACONERS. 


The pToportioD of males (263) a.nd females (200) in the four 
groups are as follows: — 


Thickness of back fat-incbes 

] 24 

1 -26-1 -49 

1 .5-174 

1-76 

Males — ^p€»r cent. 

1 -9 

25 1 

47-1 

25 9 

Females 

60 

37 0 

46 0 

11 0 


The females have a larger percentage oi carcases falling in the 
classes with tliiu fat than th#* males. The iwo fattest male groups 
do not show much difference in relative gains^ except for the 
irregularity at 8 months in the 1-5 - 1*74 inches group. The 
increase in gains are maintained up to 9 months although the steep- 
ness varies. The third group (1*26 - 1*49 inches) shows a drop from 
6 months while the leanest group ali*eady remains (*onstant from 5 
months, and they also make lower relative gains than the other three 
groups. In the case of the females the two fattest groups are about 
the same and the two leanest ones slightly lower and also about the 
same. Up to about 2 months the difference in relative gains are not 
very pronounced. The males and females in the two leanest groups 
tend to remain constant or start decreasing in relative gains from 
6 to (j months, whereas those in the fatter groups continue to imTease. 
The females show a depression from 5 to 7 months and then make 
more rapid gains than the males. Except for the male group 
1*5 — 1*74 in., the males make more regular gains than the iemales. 

DtAORAM VJ. 

Relative Gaina of Barrows and Gilts of Diifei*ent Degrees of Fatness. 
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The shrinkage on the journey tends to decrease with increased 
fatness. The dressing percentage increased, so also the percentage 
of cured sides. The males do not show so consistently a higher per- 
centage of cured sides over the females as in table 15 since the degree 
of fatness is the same in table 23, The proportion of shoulder to the 
whole side shows very little change but tends to decrease. 

The length decreases with increased fatness. This has been 
fully discussed in a previous section. There is a marked in- 
crease in the depth of the side as the pig fattens. The flank 
measurement increased at a quicjker rate than the shoulder measure- 
ment as shown by the shoulder /flank ratio. The females show quite 
a large difference from the males as regards this ratio and in the 
200 11). and heavier group the fattest females have a deeper flank 
than shoulder mea.surement. Not a single male carcase had a greatei* 
depih at the flank than at the shoulder. The ( orrelation coeflic^ient of 
depth of side and thickness of back fat is + 0*47 ± 03. There is a 
slight increase in the circumference of the hams with an increase in 
fatness and when it is expressed as a percentage of the length of the 
side it shows a small improvement. The males and females do not 
show any (*onsistent difference. 

The evenness of the back fat improves as the thickness increases. 
The average measurements of the back fat expressed as percentages 
of the thickness at the shoulder for the three main grades are as 
follows : — 


■ 


Place Measured. 



Shoulder. 

Back. 

! 

I.ioin. 

' Flain. 

1 

I Lean Sizable — per cent 

IfK) 

68-2 

»7-6 

64*7 

1 Medium — per cent 

100 

69*9 

62-6 

76*5 

Overfat — >per cent 

100 

i 

73-5 

6.5*6 

70*. 5 


As the pigs fatten all the bach fat measurements approach that of 
the shoulder measurement, i.e. the back fat becomes more even. When 
carcases are therefore judged one should first make sure that the 
thickness of the back fai is the same before taking evenness into 
consideration. The thickness of the back fat and its evenness has a 
correlation coefficient of + 0’31 ± 03. The bellies show marked 

improvement as the pig fattens and the correlation coefficient is 
-h 0-35 ± *03. Davidson (1927), discussing the Swedish testing 
station results, concludes that the lesser evil is to have thin back fat 
and a thin belly rather than thick back fat and a thick belly. Al- 
though the thickness of the bellies are also considered in the 
Scandinavian countries, much more attention is paid to the thickness 
of the back fat in gi*ading carcases. In England rather more atten- 
tion is given to the bellies in laying down standards for bacon classes 
at shows. The marbling of the lean meat also improves with 
fattening, the males being the better in practically all the grouiis. 
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AKAliYSIS OF GROWTH AND CARCASE MEASCREMENTS OF UA( <)NERS. 

When the wei^^ht j^^roupB are not taken into consideratiou but oulv 
the degree of fatnesR of the pigs then the average jiercentages for 
marbling are as follows : — 


Thickness of back fat — ‘inclien. . , 

1-24 i 

1-26-1-49 

1-5-1-74 

I*?.-? 

Males 

66-0(5) 

70-0(69) 

72-5 (116) 

76-0(50) 


66 0 (11) 

64-0(72) 

«9-7 (69) 

73-3(15) 

,, 


lu brackets the number of carcases are given from which the 
averages are obtaineil. The correlation coeflScient for the thickness 
of the back fat and marbling is -f 0*29 ± 03. x\s shown above the 

marbling of the female carcases improve at a quii*ker rate, than those 
of the males, with fattening. 


The very marked effect of the thickness of the bat*k fat on the 
grading is shown by the decrease of first grade carcases as the 
thickness of the back fat increases. Below the percentages of c'arcases 
in the different grades are given when the weight ami sex are not 
considered but only the thickness of the back fat. The actual numbers 
are given in brackets. 


Thickness of back faf — inches 

1-25-1*49 

i 1-5-1-74 

1*76 

1 Ijean Sizable — per cent 

73-0(116) 

32*6 (61) 

! 3-1(2) 

1 Medium — |)er cent 

16-7(25) 

38*0 (71) 

40*6 (26) 

Overfat— per cent 

- ; 

6-4 (12) 

47*0(30) 

Inferior — per cent 

11-3(1«) j 

23*0(43) 

9*4 (6) 


First grade carcases (1 Lean Sizable and 1 Medium) show a 
decrease from 88 7 per cent, in the leanest grouj) to 70 ti per cent, 
in the second leanest and only 43*7 per cent, in the fattest group. 
The 1 liean Sizable carcases show a very rapid decline when the back 
fat is thicker than 15 inches on an average. As ivas* shown in table 
12 the average thickness of 1 Lean Sizable (‘arcases is 1*4 inches, the 
thickest average measurement being 2'0 inches and the thinnest 1*2 
inches. 


Larsson (1928) made a study of the influence of the d«^ree of 
fatness on the amount of feed consumed per unit of gain. He also 
compared the Swedish results with the Danish results which agree 
well as shown in table 25. 
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TAiiLK 2b. — Influence of Fatness on Feed lieqnirements. 


Material from. 


No. of 

(:}rOUp8. 


(Sweden . . 
Denmark, 
Denmark 
Denmark 


178 

801 

181 

182 


Live Weight 
of Group at 
Slaughter Kg. 

Correlation 
between Back 
Fat and Feed 
l^^nits per Kg. 
Gain. 

Increase in Feed 
Units per Kg. 
Gain, when 
Tliickness of Back 
Fat Increases 

1 cm. 

89 (>-95 -9 

0*22 '07 

0*10 

89-0-95*9 

I- 019 dr 03 

0*12 

90 -90-9 

1- 0*20 d: 07 

0 12 

91 0-91 *9 

r 0*21 h *07 

015 


I'he above is more or less what one would expect since a fattening 
aniiiial requires more energy above the maintenance requirements 
than one that is still i)uttiug on flesh. No mention is made whether 
the factor of the rate of gain was taken into consideration. As our 
results show, the fat pigs are the quickest growers and it is a well 
known fa<‘t that qui(*k growers need less feed per unit of gain than 
slow growers. If this factor had been taken into consideration the 
difference in feed requirements per unit of gain would liave been less 
than the results obtained in the above table between pigs of different 
degrees of fatness. 

7. Influe^kcv of 1)c}>th. of Side on (^a)case M easu remcnis. 

The results, after the data had been grou])ed according to the 
depth of the sides, are given in table 2(>. 

As in the (*ase with the degree of fatness (table 2^) the initial and 
final ages decrease with an in(*rease in the depth of the sides, while 
the initial weights are somewhat variable. The average daily gain 
increased and the (orrelation with depth of side is + 0-82 ± -03. 
The loss of weight on the journey decreases as the depth of side 
increases and the dressing percentage shows quite a marked improve- 
ment and the improvement appears to be more pronounced than in 
table 23 where the degree of fatness increased. As the depth increased 
the thickness of the back tat also increased and may have influenced 
the shrinkage en route and the dressing percentages. To eliminate 
the influence of the degree of fatness on these factors, the depth is 
(ihanged in the different fat classes as shown in table 27. In table 14 
it was shown that the different weight groups had no significant 
influence on the loss of weight en route and the dressing percentage, 
so that weight is not taken into consideration in table 27. The data 
of the males and females have been taken together. 
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Table 26. — Influence of Depth of Si fie on Carcase Measxirements. 


ANALYSIS OF GBOWTII ANU CARCASK MKASTTHEMENTS OF BACONEKS. 

• SI * S 2 S *** ® ^ N « lO lO g «5 -.*1 « 00 ® « M 

l> C3S <MQ0 »-h«OQCXi-hC*5CCi'N 


<« pH e»t X< ^ CD »« « CD •< 

l>- »0 Oi !>• m 5 »f5 PH PH 


t^CD<MTtlg<MCD^t^<DO0pHfp^r- 

^222-S:S^3Sg$22« 


^ o ^ OS <M PH PH PH to p+* 05 CD O p-^ PH 

r- Hfi os i>icicpho5 

OOpHXCDWpH<MOSNt<CDOSOCD»HCD 
^» * OS 00 * * 00 Os 

W CDpHtOfMpHOSpHffOOOSMOOS'pH 

r- rJH OO l> to PH PH 

OSOOOOCDf^QOpHCOlOOiOOOH^-^t 

^ph-qo px*»0 X 

S es| PH C5 « PH © PH CO CO <N X Q PH PH 


pH00pHIO'^pH©pH©©©pHpHpHC 30 
©©CDCoS^tltN • ©l^CNabtOpHtO 

(MX^©I>>L-p(MC00>lpH 


CDQO(N»OgCIOHt<XpHtf5pHiClO 

©tOiOtfsScOO • Ot-t^DpC^ 

(NpHpHpH <NXpH©tP»OXPH 


pHOMCpg©CpCOt^<N'^ffOCO 

©X»t5ioS'«fMpH|>C0XXX 

(Mp^pHph <m© Ol-p-XO^W 


x©©t^if:xxc^X4OXHi4f0©(M 

. • © * © OO • «? CO X 

w ©PH-»tPHPHC0pHtpe'ix»oos-pH 
X Oi r-toiOpHWpH 


fi»^©pHcox'^©«t^i>co©tH 

Xt'-Xl'pScOOJ- ©©PHCOOX 
iMpHphph iMXph©QOXX»OpH 


^ ©phiOph-hCOphI'-CO’^X© • 

X © rpioxpHcOpH 


cO'^©phcO’^XCOOXQO tj;i<5p 

Xl^xt-PHCOPH (N(MX (M«NX 
(MP.4.HPH OIXpHXXX XphOI 


JXt^X»G:XpH©rppf 

5 • Ht • • • • CO X 

^<NpHU0©pH«5© pH 
© t'" tCI to pH ^ 


<N»OG;'i‘^g©xx©cor’pxi'- 

©©CO©p-,C0pH • Xph©'^X 

(Mph,-hph {NXpHC500©tftC0 


pf<^XpH''t©XX©C0Xr-X©(N Xl> 

taJNt(*oO ©I> ^ ••••(M© •• 

P PHPHaOpHpHOlPHtr5pH<MlCO-PH ©© 

^ © - 


aoi>osco>ot^x©pHcopHXpH©Ht< 

XX»OxScO<N ‘©©PHXHt^ifOpH 
(Mphphph oqxpHXi-pt'-wcopHPH 


X©COOH*<XX^'MOif:cOX<MX pHXpHHtteO©<N(M»OX©|H'pH PH 

'©^•©•©tH’Hf ••© ... ® ^ ,...|, 

< PH<Me<|pHPHPHfHTH©pHW5©pH(M ©lDlDiOpHH*4(M*COpHOiOrp tp 

I-P © rp»C»DpHC0 (MpHpHph (NXpH>Dr'pXX 


xrp©»o»oiprpHfx»c©Kti>x<N 

^ OpH;^PHPHOPHCO©PHtOOpHpH 

fp HT © fp X tft PH CO 


I »(? © tp 


XID»O»OphC 0W • XWXHtjO'tfO 

IM p^ pp PH (M X pH ID I'p X CO X CO 


X -ot t- X »o ' 
- • PH • © ♦ X I 

fe © PH (M PH . 


ifNeOO©©l'»»OCOtp »Dhp«5X*-<Hf<(M'p*tc0Hf<©C0OW»0 

> • • • • • pH © .... © ID ■ • ' 

(CMphI'p©'**''^© • (N XXXXph© 05 ■ lO'tpHX'LOX'M 

© tPiDXpHD-lpH (MpHphph <NXpH©Xt'»OCN ph 


©PHC0pHPHPHpH©o.^tD©«PH XXiOXphCOX ‘'©t'-©XC0Ht<X 
|> Pf © l-p to to pH €0 P- 1 <N PH PH pH (M X pH © t>- I"* CO <M pH 


> • CO PH o 

H hH pH -i!f t>» OJ 
© t- © PH CO PH 


C0t^XiD2J'rt<XH*<X©t'C0pHtp© 

X»OiOW5^H©(MPHi--.©eq©X(NX 

(MpHpHpH <NX lOfXl> PH 


©eN|l>— i«X©X(!NI>C0XptJ<b-«D 

^CO'X'XX'CO <N© 

C0pH©PHpH^PHlDXC0'"^<©•PH 

t> Htl © ^ tQ PH CO PH 


x©©'p^i>H^©xfNi>oi7t7i>© 

X >D lO so S CO PH * ID X O X X X © 

CMphphph CNXphiDXI'p'^ ""t 


Hh©t-iO©<N»D©'P!»< 

- • • <N * fp X • CO • 

^ geigp-g-r; 


e<ix©eo:a'©r*i©<MiD 

ao "Oft ... PH 

• 031 ©Hl^H#<Ht«PH04X • Xl'P- 
O^pHpHpH 0<|CppHpf(lD 


(MCOCO©iNX<MXph©cO©iOph© l>(> 
^ PH*©*XX W ’ppt 

S X W © pH PH PH PH X © © pH <M XlC 

r* ID © I'phUXphCO 03ip- 


i>(:^cor^xcoo3icoi>©©t>co © 

obx’^M^ScO^ • X©«N^OO 1© 

OIpHpHpH (MXpHtDXX'it ID 


:-ls l-J S T'l B s S’! 

i| lii- I ■! 


S L4S^’S 


• P ^ B .8 • .2 a ^3 ^ 

e S.^ f g-fr?-!! §-sl §=i sa 

H< 4p«H«OKMWB» -SWXIO 


344 



G. Jf. MUttHAV. 


Tablk 27 . — Infinence of De/pih of Side on Shrinkage and Dressing 

Percentages. 


Thickness of back fat — in. 


1*25-1 -49. 


Depth of side — in 

15-15-9. 1 

1 16-16-9. 

17. 



Live 

Pact. 

Car- 

Live 

Fact. 

Car- 

Live 

Fact. 

Car- 


wgt. 

wgt. 

case 

wgt. 

wgt. 

cjase 

wgt. 

wgt. 

case 




wgt. 



wgt. 



wgt. 

No. of pigs 

88 

88 

88 

60 

60 

60 

7 

7 

7 

Average weight — lb 

189 

173 

140 

199 

J82 

150 

204 

188 

154 

Per cent, of farm wgt. . . 



91*3 

74-1 

— 

91-8 

75-3 


92-0 

75-1 


Thickness of back fat — in. 

! 



1 

•5-1-74. 




Depth of side — in 

15-15-9. , 

1 

, 16-16-9. 

1 


Live 

P^act. 

Oar- 

Live 

P'acr. 

Car- 

Live 

Fact 

C^ar- 


wgt. 

wgt. 

case 

wgt. 

wgt. 

case 

wgt. 

wgt. 

case 




wgt. 



wgt. 



wgt. 

No. of pigs 

68 

68 

68 

81 

81 

81 

20 

20 

20 

Average weight— lb 

193 

176 

144 

197 

180 

149 

207 

192 

159 

Per cent, of farm wgt... 


91-0 1 

i 74-4 

— 

91-7 

75-6 

— j 

92-8 

76-7 


Thickness of hack fat- -in. 


1*75 and above. 


Dejith of side— in 


No. of pigs 

A\erage weight-- lb 

Per cent, of farm wgt... 



15-15-9 


16-16-9. 


Live 

1 P'act. 

Car- 

Live 

Pact . 

f^ar- 

Live 

Fact . 

Car- 

wgf. 

wgt. 

case 

wgt. 

wgt. 

case 

wgt. 

wgt. 

case 


1 

wgt. 



wgt. 



W'gt. 

9 

i « i 

9 

32 

32 

32 

16 

16 

16 

195 

1 177 1 

1 144 

198 

184 

151 

203 

190 

157 


, 1 

74-2 

i 

— 

92-8 

76-2 1 

i 

1 

[ 93 -3 

1 ! 

77-1 


It is shown quite definitely that the depth of side has an influence 
on the shrinkage and dressing percentages quite apart from the 
fatness of the pigs. Hansson (1927), however, found that the deep 
pigs had a larger loss at slaughter than the shallow ones and he 
thought that the ditfereiue might he partly du(‘ to a larger stomach 
content of the deep pigs. His depth nieasurenients were taken on the 
inside of the carcases and not on the outside where our measurements 
were taken. Whether this difference in taking the depth measure- 
ments of the sides caused these opposite results is not clear. The 
length shows a slight decrease with an increase in the depth. 
Hansson’s deep pigs were longer than the shallow ones, hut he did not 
keep the weight constant so that the former were 2*2 Kg. heavier 
than the latter an<l this may accniunt to some extent for the difference 
of 1*6 cm. in length. The percentage of shoulder decreases slightly 
so also the ratio of the shoulder and flank measurement, the decrease 
in the shoulder/flank ratio appearing to he more marked in the 
females than in the males. The circumference of the ham increases 
and the ratio has a slight tendency to increase, hut this is not (piite 
consistent. 

The thickness of the hack fat increases as the depth of side 
increases the correlation coefficient being + 0*47 ± Oil. In table 15 
it was show'n that rate of gain had a strong influence on the thickness 
of the back fat so that the influence will exert itself here since rate 
of gain increases with an increase the depth of the side. In table 28 
the effect of the depth of the side on the thickness of the hack fat 
is showui w^hen the rate of gain and the live weight are constant. 
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When the elte(*t8 of weight and rate of gain are eliminated, as 
shown ill Table 28, the thickness of the back fat still increases 
when the depth increases. Here again our results do not agree with 
Hansson’s, w^ho found that the deep pigs had less back fat than the 
shallow’ ones. The actual measurements of the back fat are not given 
but only the points aw’arded w’hich were Id *3 for the deep carcases and 
12*5 for the shallow’ carcascvs. It is only in one respect that our 
results agree wuth Hansson’s in connection wuth the depth of the 
sides, and that is the average gains made by the pigs. He also found 
that the deep pigs made the (luickest gains (G»3d gin. per day as 
compared w^ith fJOl gm. made by the shallow' pigs) and required 180 
days to reach a live weight of 90 Kg. wdiile the shallow’ pigs took 
185 days to reach the same weight. Table 29 show’s that the depth 
of side has an increasing efFect on the evenness of the back fat when 
tl»e average thickness of the fat is constant. 

The actual thickness of the fat over the shoulder decreases slightly 
and the thickness at the loin again increases slightly as the depth 
of the side increases. 

(hi ac'connt ot the influence of the tliickness of the back fat on 
the grading of the carcases, the results as shown in table 26 cannot 
l e (aken as showing the eft'ect of the deqitli of the sides. Table 30 
has been prepared where the weight and the thickness of the back 
fat are kept constant so as to see whether dejitb of side bad any marked 
effec't on the grading. 

From the resnlts ot table 30 one can see that the depth of side 
has a certain amount of influence on the grading. There appears to 
he an oiitinuiin depth round 15-1()*9 inches and that the depth 
expressed as a ratio of the weight remains more or less constant, since 
the optimum actual depth shifts as the weight increases. 

8 . Factors ajfccfituf the Firmness of the Back Fat. 

One of the most unsatisfactory conditions in bacon production is 
>ott car(*ases since this condition causes a depreidation in the value 
of ])a(‘on to a very large extent. In a study made of this subject in 
the XTnited States of America [Hankins and Ellis (1928)], it was 
indicated that the soltness of the fat is responsible for the softness 
in the pig carcases and the products. Conversely, w’hen the fat of a 
carcase is firm the carcase and the products aje firm. Ditfereiit 
methods of determining the firmness of the fat were used, and it was 
iound that the refractive index of the fat was the best single method 
to use, and was consequently also used in determining the firmness of 
the fat of the pigs used in this analyvsis. Ellis and Isbell (1926) found 
that the refractive indices of the fats of the meat and the back fat 
are almost identical. Ranges from hard to oily fat caused no 
variation between the two. Leaf fat values on the other hand were 
considerably below' those of the other samples, i.e. they were much 
firmer, and the difference betw’een the leaf fai and the meat or back 
fat w’^as not always a uniform one. Therefore, by taking samples of 
the back fat and determining the firmness thereof, one (*an see what 
the firmness of the carcase is like. 
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AXALYfiilS UF GHOWTli: ANl> CAHC ASE MEASUREMENTS OP BACONERS. 

Hammond (1932) discussed the question of the firmness of the 
body fat and refers to the different investigators who have worked on 
this subject and showed how fat that is first deposited is the firmest. 
In the pig we therefore get that the leaf fat is the firmest, then the 
back fat below the streak, the outer back fat layer being the softest. 
The percentage of unsaturated fatty acids causes the fat to be firm 
or soft. Bhattacharya and Hilditch (1931) found that the variation 
in the amount of unsaturated acids was mainly compensated by 
coiTesponding changes in the stearic acid content. The proportion of 
linoleic acid (1) clearly increased with an increase of unsaturation in 
the fatty oil forming part of the diet and (2) also increased from 
the leaf fat to the ouW layer of the back fat. They further showed 
that when different rations were fed this order was still maintained 
and that an alteration in the diet had relatively less effect on the 
composition of the outer layer of back fat than on that of the inner 
layer or of the leaf fat. The outer layet' of fat was the most un- 
saturated and contained a higher proportion of linoleic to oleic acid 
than the inner layer of ba(‘k fat which w^as approximately more nearly 
in comx)osition to the leaf fat than to the outer back fat, but being 
less saturated than leaf fat. They reckoned that the relative (*on- 
stancy of the outer back fat in composition may be determined by 
the adjustment of the fat nearest the skin to a more or less constant 
consistency adapted to the average temperature conditions of the 
external atmosphere. Moulton (1929) has suggested that the tem- 
perature at which fat is deposited may affect the composition of the 
fat, and then mentions the difference in melting point of the fat of 
seals and bears living in Arctic regions, which is softer than the fat 
of animals living in temperate clijuates. Animals having different 
body temperatures show differences in the firmness of their fats. The 
sheep with a body iempex'ature of 104° F. has a firmer fat than the 
pig or dog with a body temperature of 101° 

In the Ignited States extensive co-operative investigations have 
been done on the influence of different feeds on the firmness of the 
fat and reports w’^ere issued by the Bureau of Animal Industry (1920, 
1928). In Canada experiments have also been conducted in connec- 
tion >vith the causes of soft bacon and the lesults were summarised 
by Day (1922) : — 

(i) Lack of matuiity. Generally speaking, the more 
immature the pig, the greater is the tendency to soft 
fat. Almost- invariably the largest pereenlage of soft- 
ness occurs among the light sides of bacon. 

(ii) Lack of finish. Thin animals have a marked tendency to 

produce soft bacon. Marketing pigs before they are 
finished is, no doubt, responsible for a great deal of 
softness. 

(iii) TTnthriftiness, no matter what the cause may be, at most 

invariably produces soft bacon. 

(iv) I^ack of exercise has a tendency to produce softness, but 

this tendency can be largely overcome by judicious 
feeding. 
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(v) Exclusive grain feeding is, perhaps, one of the most 

common causes of softness. 

(vi) Maize. (Jf the grains in common use, maize has the 

greatest tendency to produce softness. 

(vii) Beans seem to have a more marked effect than maize in 
prodiKung softness. 

Breed differences in firmness of the fat have been determine<l at 
the Purdue TJniyersity (Kelly, 1932). The fat of pigs of the Berk- 
shire, Large White, Tamworth, and other British breeds became hard 
at about 80 to 100 lb. live weights while the American breeds — 
Poland Cliiiia and others — pariicuiarly when of the large type 
w^ere soft, in some (*ases up to 250 lb. live ^veight. 


The effec'ts of the different feeds on the hardness of the fat of 
the carcases dealt with in this paper, have been reported on elsewhere 
[ Koniyn and others (1930), Schulte and Murray (1931)], so that in 
the present ])ai)er tlie effect of feed wdll not bV considered but the 
otlier factors whicl» may influence the firmness of the fat as deter- 
mined l)y the ref 1 active indices. 


Except in the case of a limited number of carcases, the outer and 
inner layers of the back fat samples w’ere not rendered separately. 
Tn the few cases tliat this w^as done separately, the outer layer was 
softer than the inner layer as shown by the average refractive indices 
of 13 sanijdes. When the two layers were not se])araied, the 
refractive index w^as 1-4597, the outer layer alone 1 -4001 and the 
inner layer alone l-459f). All the refractive indites values are at a 
temperatui^ of 40^ C. 

Tn this paper the data have been grouped so as to see the influence 
of (1) the degree of fatness, (2) the rate of gain, (3) live w^eight, anti 
(4) age. The correlation t*oefficients of these diffeient factors and the 
refractive indices have been determined and are given below: — 


( 1 ) Thickness of back fat and refractive index . . — 0 • 48 • 03 

(2) Rate of gain and refractive index — 0*.30 _i *08 

(3) Live weight and refractive index — 0*23 J_ *03 

(4) Age and refractive index f 0*19 £ ^>2 

(5) Thickness of back fat and rate of gain -f 0*35 *03 

(6) Thickness of back fat and live w-eight -h 0-2H -03 

(7) Thickness of back fat and age - 0-24 ± *03 

(8) Rate of gain and live weight -f 0-32 *03 

(9) Live weight and age — 0 09 4 -03 


In determining the correlation coefficient of tw'o factors no other 
factor was kept constant. They, however, give a good indication of 
the many factors which may influence the firmness of the fat and 
also how one factor may " indirectly influence the firmness by 
influencing another factor. 
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(1) The thickness of the fat shows the strongest correlation with 
the firmness of the back fat and by grouping we get the following 
averages : — 


ThicknesR of back f at^ — ^inches . . . 

1*24 

1*25-1 *49 

1*5-1*74 

1*76 

No. of pigs 

12 

119 1 

151 

52 

Average refractive index 

1*4602 

1*4598 j 

1*4595 

1*4593 


There is a progressive decrease in the refractive index of the 
back fat with increased thickness, i.e., there is a progressive hardening 
of the fat. On acconnt of this strong influence and also the correla- 
tion of the thickness of back fat with the other factors, the thickness 
of the back fat will be kept constant in determining the effect of the 
other factors on the firmness of the fat. 

(2) Rate of gain. — In iable 31 the influence of the J*ate of gain 
on the refractive index is shown. 

The results in table 31 show quite clearly that when the thickness 
of the back fat is kept constant then the rate of gain has no influence 
on the firmness of the fat. Helmreich (1929) reckoned that when other 
conditions are equal then the quick growers have the firmest fat, but 
he did not say whether the thickness of the back fat was one of the 
conditions that remained (‘.omstant. The correlation coefficient of the 
rate of gain and the refractive index ( - 0*30 ± 03) was only caused 
by the positive correlation (+ 0*35 ± 03) between the rate of gain 
and the thickness of the back fat. 

(3) Live weight. — Table 32 shows the influence of farm li^^e 
weight on the firmness of the fat. • 

Although the average refractive indices do not show quite the 
same consisiency as in table 31, (me cun nevertheless conclude (hat 
the live weight has no effect on the firmness of the fat when the 
thickness of the back fat is kept constant. The same has happened 
with the correlation shown between the live weight and the refractive 
index (~ 0*23 ± *03) as’ the rate of gain and refractive index. The 
live weight is also positively correlated (+ 0*26 ± *03) with the 
thickness of the back fat and hence the correlation it shows with the 
firmness of the fat. 

(4) Age. — This is the only factor of the four which shows a 
positive correlation with the refractive index, i.e. the older pigs have 
the softer fat. Table 33 shows its influem^e when the thickness of 
back fat is constant. 
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In the first two groups the average refractive indices are some- 
what variable but remain constant in the last^two. From these results 
it therefore appears that age has no effect on the firmneKSs of the back 
fat when the thickness of the latter is kept constant. There is a 
negative correlation between the age of the pigs and the thickness 
of the back fat ( - 0*24 ± *03) which resulted in a small positive 
correlation (-h 019 ± *02) between the age and the refractive index. 

From the evidence as given and discussed, one cannot come to 
another conclusion than that apart from such factors as feed, breed 
and climate, the thickness of the back fat, or the degree of fatness of 
the pig, is the only factor which affects the firmness of the back fat. 
The different factors influencing the firmness of carcases as given by 
Day (1922), such as lack of maturity, lack of finish aiuJ unthriftiness, 
are true in so far as these conditions affect the thit'kness of the back 
fat and so indirectly affect the firmness ()t the fat. Directly these, 
factors have no effect on the firmness of the fat. The fact has been 
mentioned above that the outer layer of the back fat is much less 
affected by feed than the inner layer and if it is true that the com- 
position of the outer layer remains practically constant under the 
same environmental conditions, then one would not expect that it 
would either change to an appreciable extent as the hack tat thickens. 
The firming up will then be more due to the (hange taking place in 
the inner layer and the outer layer jnaking out less and less of the 
total fat on the back. The average refractive indices given of the 
outer and inner layers separately and the two together, show that the 
average of the back fat (1*4597) is much nearer to that of the innei 
layer (1 *4590) than to that of the outer layer (1-4G01). These results 
also indicate on which lines some future investigations on the firmness 
of the fat could be carried out. 

IV. SUMMARY. 

The paper comprises an analysis of growth and car(*ase me >sure- 
meiits of 450 to 550 baconers of the Ijarge White x Large Black 
(sow) and Tamworth x Large Black (sow) crosses. 

Growth, 

1. Preweainnfj , — The average gestation period for 39 fariowin ^s 
was 113*7 days, the average birth weight of the pigs being 2*39 lb. 
The mules averaged 2*9^1^ lb. and the females 2*78 lb. at birth and 
8*0 per (*ent. of the males and 8*3 x)er cent, of the females were horn 
dead. The average weight per pig decreased from 3*5 lb. and 3*17 lb. 
for mules and females respectively, when the litter size was 0 to 8 
pigs per litter, to 2*34 lb. and 2*21 lb. respe(‘tively, when the litter 
size was 15 to 17 pigs per litter. The data indicate that litters ot 
more than 12 pigs per litter are not desirable. 81 per cent, males 
and 70 per cent, females of those born alive respectively, were weaned, 
and the difference is probably due to the difference in live weiglit 
between the sexes. 

2. Weight a at Different Ages , — The average live weight at 8 
w'eeks (weaning) is 30 lb. The maximum variability of weight 
appears to he between 4^ and 5 months. The barro'ws are more 
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variable than Ihe gilts. Fast and mediiiiu fast growing males are 
also higlier than the females but the slow growers show no differemre 
in variability between the sexes. The correlation coefficients between 
weights at 4 and 8 weeks are -f ()*7f> ± *02 and 13 and 21 weeks 
4- 0*89 ± *01. 

3. Rate of Gaia. — The relative weights of males decrease froiii 
birth and from 9 to 13 weeks aie below the females and then show a 
definite rise and they outstrip the females from round 4 months. The 
relative gains are given for fast, medium-fast and slow growers of the 
two sexes, females being lower throughout. The differences increase 
and afterwards decrease again. 

Factory Res u Its. 

1. TJie average results of the two ciosses do not show marked 
differences; there are, hoAvever, large differences between the average 
resiilts of the progeny of different boars of ihe same breed. 

2. A veraye M easy reaients of Gte Groftes. — There are 24 per 
cent, more females in the best grade than males. The best grade, 

1 Lean Sizable, is deficient in length when compared with the require- 
ments of the English market. 

3. /a/luemc of Wefyitt and Sea\ — The heaviest })igs made the 
quickest gains and have longer and deeper sides, and the correlation 
(*oeffi<‘ients between weight and length and weight and depth are 
respectively -I- 0*48 ± *02 and H- 0*5 + *02. llarrows are deeper 
than gilts at the shoulder but tlie latter are deeper at the flank and 
also have a huger aveiage. The barrows are fatter and liave better 
marbling than the gilts, but the latter nevertheless have better bellies. 
The most suitable live weight at which to kill ba(‘oners lies between 
190 and 199 lb. 

4. Inflaeace of Rate of Gam. — Depth of side increases with rate 
of gain, the correlation being + 0*32 ± *03. It has hardly any 
effect on length of side. Hack fat increases with increase in rate of 
gain, the correlation being + 0*35 + *03. The females have 
thinner back fat than the males, but fatten at a more rapid rate with 
increased gain and so tend to ap]»roach that of the males. Hellies 
im])rove and marbling decreases and increases again, 'll) is also takes 
])lace when age increases. h\)r bac'oners the optimum g.iin per day 
appears to be between 1*2 to 1*49 lb. Tlie results show that length 
cannot be significantly influenced by rate of gain since it is early 
maturing. Later maturing parts as depth and thickness of back fat 
can be influenced signifi«*antly. 

r>. Influence of Jjcnyth. — The actual depth of side appears to 
decrease slightly when length increases whereas the rtdative dejffh 
decreases markedly. The thickness of back fat decreases. 

0. Influanre of Deyree of Fatness. — The relative gains made by 
pigs of different degrees of fatness are shown. The shrinkage en route 
decreases and the dressing percentage and percentage of cured si<1es 
increase with increased fatness. Ijength det^reases and there is a 
marked increase in the depth of the side (correlation + 0*47 ± *03), 
the flank measurements increasing at a (piicker rate than the shoulder 
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measure mentvS* li'emales have a smaller proportion of shoulder than 
males. Hams show a sli^?ht improvement. Evenness of back fat 
improves (correlation -f O ^U ± and also the bellies (correlation 

+ 0*35 ± 03), and the marblin^^* (correlation + 0*29 ± *03), the 
males havin^^* better mar})lin^ than the females. 

7. Influenre of Depth oi Side . — The shrinkage en route decreases 
and the dressing percentage in<*reases more markedly with increase 
in depth than with increase in fatness and it is still the (*ase when 
thickness of back fat is kept constant. The proportion of shoulder 
decreases so also the relative depth at the shoulder. The thickness of 
ba(‘k fat still increases with depth of side when gain is constant, and 
the evenness of the back fat increases with depth when thickness 
remains (‘onstant. Depth of side appears to have an influence on the 
grading, the optimum being 15 to 1(>*9 inches, and that depth /weight 
ratio remains about the same. 

8. Factors affecting the Firmness of the Fat. — The refra(dive 
indices were determined to get a measure of the firmness of the fat. 
The correlation between refractive index and thickness of back fat is 

0*48 ± rate of gain ~ 0*3 ± *03, live weight -0-23 + ()'» 

and age 4- 0*19 ± 02. There are aLso correlations between these 

different factors and thickness of back fat. When the thickness of 
hack fat is kept constant then live weight and the rate of gain have 
no influence on the firmness of the fat and the data also indi(*ate that 
age has no influence either. These factors only aft'ect the firmness of 
the fat, since they are correlated with the thickness of the back fat. 
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Studies on the Origin of the Sulphur in Wool. 

I. A Study of the Sullivan Technique for 

Cystine. 

By 

S. 1). KOSSUXTW, B.Sr., W<k> 1 Research Officer, ami 

T. J. WILKKN-JORDEN, D.Kf;., Research Officer 
undt^r Kinj>ire Marketiui;»* Hoard, ( )u<UM'8tepoort. 


Thk solution of l)iolo«*ic.al and iiidritional jn-oMeius centerinj)- around 
suljdiur lueiabolism has been aj)i)re«*iably advaiu*.ed, since Sullivan’s 
(192(>) discovery that the reac'tion with 1 ,‘.i-Na])htho(iuinone-4-S<)diuni 
sulphonate under certain conditions constitutes a highly specific 
rea(*tion for cysteine or cystine. Admittedly, the other methods such 
as the iodometric methods of Okuda (192o) and of Baernstein (19d0), 
and the (‘,olori metric metho<l of Fcdin and Marenzi (1929) may some- 
times be a])]ilied with advantage wlmn dealing* with relatively pure 
solutions of amino-acids or ]>rotein hydrolysates; their noii-specifi(*ity, 
however, limits theii* f»eneral application, especially when dealing- 
with more coni {ilex bifdof»;ical material. 

The accuracy of the Sullivan tecdiniipie, as a (piantitative 
method, has howevei- been criticised by various workers, and it is 
to be admitted that such criticism has for the f>reater ])art shown 
itself to be justified. The Sullivan techni([ue as des(‘ribed by 
Sullivan himself (contains several weaknesses and inherent errors. 
To circumvent tliese difficulties various modifications of Sullivairs 
original procedure have been su^f>*ested. A])j>arently none of these 
suj 4 *f>‘ested mod ifi(u*t ions can be claimed to be based on a systematic 
study of the Sullivan techniciue. In tlie {uesent jiaper an endeavoui' 
wdll be made to ^-ive ex]»erimental data to indicate along wdiat lines 
the Sullivan ])rocedure may be modified wdth advantage. On the 
other hand, certain objections to the method, sucdi as the interferenc'e 
of other amino acids, radicles, ions and adventitious colouring 
matter, <*-annot be avoided by modification of the method as such. 
This aspe(^t of the matter will be dealt with in a later publication, 
w^hen a new^ micro method for the determination of cystine or cysteiiie 
in biological matter, depending on the ({iiantitative isolation of 
cystine as cysteine cuprous mercaptide with subse(|uent determina- 
tion of the cystine by the Sullivan method, will be described. 
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STCDT OF THE SULI.IVAI? TECHNIQUE FOB CYSTINE. 

The chief difficulty with the original Sullivan method would 
seem to lie in the application of the cysteine reaction to the 
determination of cystine. Sullivan (1926) seems to have come to the 
conclusion that the degree of correspondence of colour intensity 
between (tystine and cysteine varied with cystine concentration, and 
that the redu(*tion of cystine indicated only 50-75 j)er cent, of the 
theoretical. This statement w’oiild appear to have caused considerable 
confusion. It must not be taken to signify that up to 75 ])er <‘.eiit. 
of a given amount of cystine can be transformed to cysteine by the 
action of cyanide or suljdiite. As Pulewka and Winaer (1928) have 
shown, one molecule of cystine reacts with cyanide to form only one 
molecule of cysteine, a<*cording io the equation: — 

R..S-S-R 4- Na(^N R-SNa + R-S(^N 


Similarly ('larke (1962) has showm that from one molecule of 
cyvstine only one molecule of cysteine is obtained by the aciion ot 
sulphite : — 

R-S-S~R 4- ISXKOa R-SNa + R~SS(),Xu 


It is clear, therefore, that reduction by this means cannot 
transform more than 50 i)er cent, of the" cysiine to cysteine. 
iSullivairs findings can therefore be iiiteri)rete(l only as signifying 
Uiat the above reactions proceeded 1o the extent of 5()*t() 75 ])er cent., 
i.e. that one molecule of cystine ])rodiiced only 0*5 to 0*75 ot a 
molecule of cysteine. 


In this connection it is interesting to note that Jmgg (1966) 
states that, even if the conditions be varied considerably, the above 
reacti()n with cyanide proceeds so uearly to completioji that any 
deviation from it cannot be detected colorimetrically. Lngg gives no 
details as to which conditions may be varied, but states further on 
in his ])a})er that if the amount of cyanide is halved, a 25 i)er cent, 
loss ill colour intensity occurs, w^hife if the cyanide be doubled or 
trebled the final colour gives a transient brow^ii on agitation in air. 


It is therefore necessary that w^e should consider ^the influence 
of cyanide concentration on the reduction and resultant colour 
development more carefully. To 0*25 mg. and 0’50 mg. 
respectively of cystine contained in suitable aliquot volumes, 
increasing amounts of cyanide were added, the volumes of the 
mixtures being kept constant at 9*0 c.c. After 10 minutes 10 c.c. 
of 0*5 per cent, of the fresh naththoquinone reagent was added, the 
solution well mixed, and 25 seconds later 5 c.c. of 10 per cent, 
anhydrous NagSO;^ in 0-5 N IfaOH solution added. The solution was 
mixed and left to stand for 60 minutes. Finally 1 *0 c.c. of a 1-2 i>er 
cent. NaaS^O^ in 0 5 N NaOH solution was added, and the solutions 
compared colori metrically, using the solution containing 2 0 c.c. 
6 per cent. Na(-N as standard. The results have been represented 
graphically in Fig. 1. 
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Eig. 1. 

Effect of NaCN on Colour Development. 



As will be seen from (lie figure, the (Mirves tor lK)th the O tif) and 
O oO cystine show a stron*>* tendency to run horizontally when 

a cyanide concentration ot d*() c.c. o per cent. NaCN per JbO c.(‘. 
solution is reached. 

In order to sho^^ that at this cyanide concentration the 
rea<tion 

R-S -S U + Na(^N H - 8Na -h R-S('N 

had, for all ])ractical jiurposes, attained completeness, a cystine 
standard containing** ()*4() in”*. <‘ystine was com|)ured coloriinetrically 
with two (‘vsteine standards each coutainiii”* (}*2U5 in^. of (cysteine, 
the fine treated precisely in the same way as the cystine standard, 
and the other according to the Sullivan |>rocedure for cysteine (with 
the exce])tion that the time factor of 25 seconds was observed). No 
measurable dilference in (‘olour intensity of the three solutions could 
be obtained. In addition to this it was shown that for this higher 
cyanide concentration a variation in the time interval from 5 to 15 
minutes produced no measurable effect on the ultimate colour 
intensity. 

If, then, the addition of 4*0 c.c. 5 per cent. NaCN liberates 1 
molecule of cysteine from one molecmle of cystine, Sullivan’s findings 
with 1-0 or 2 0 c.c. 5 per cent. NaON may easily be explained. As 
the 0*5 mg, cystine curve shows, the use of 1 *0 c.c. cyanide would 
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result in the liberation of just ovei* 0-5 molecule cysteine, whereas 
the use of 2 0 c.c. cyanide yields about 0*8 molecule cysteine. In 
the O' 25 mg. cystine curve the cysteine yields for 1*0 and 2*0 c.c. 
cyanide are re8])ectively api)recia\)ly higher. Thus, when working 
under conditions of cyanide deficiency, Sullivan is essentially correct 
in stating that the c.oiTelation in colour intensity between cystine 
and (jysteine dei)ends on the amount of cystine ])resent. Theoretically, 
of (ionise, any of the (cyanide concentrations mentioned should lead 
to correct assays when all the material is ])resent as cystine, provided 
both assay and standard are treated in exactly the same way. In 
practice, however, the difficulty of dui)licating any set of conditions 
increases with the stee])ness of the curve, and for this reason alone 
it would be desirable to work at a cyanide concentration represented 
by 4-0 c.c. 5 per (‘ent. NaCN, or what is more practical, 2*0 c.c. 10 
]>er cent. NaCN. 

Apart from the influence of cyanide concentration on the 
com])leteness of the cyanide-cystine reaction, there is anothei* s«ep 
in the Sullivan procedure which may lead to serious eiTois. 
Sullivan gives no indication that the time interval between the 
adding of the na]»htho(piinone reagent and the alkaline sulphite must 
be carefully controlled. In Fig. 2 the colour intensity has been 
plotted against this time interval in seconds, using ()-4() mg. of 
cystine. Both the 2*0 c.c. 10 per cent. NaCN curve and the 2*0 c.c;. 

Fig. II. 

Eeibct of Napthoquinone Sulphite. 

Time' Interral on. Colovr Development, 



5 per cent. Nat'N curve show the same peculiar form; the only 
difference would a]}i)ear to lie in the acc.eleratory influence of the 
higher cyanide concentration, thereby shifting the higher cyanide 
curve to the left. It should be observed, how^ever, that when the 
napthoquinon e-sulphite time interval is below a certain minimum, 
depending on cyanide concentration, the curves are stee]). Thus, if 
we were to adopt Sullivan’s original procedure of adding the sulphite 
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immediately after adding the na])hthoquinoiie and mixing?, we would 
invariably be working on this steep part of the curve. It is due 
mainly to the failure of Sullivan to stijmlate the control of this time 
factor, that his method, as applied to relatively pure solutions has 
been found to give irregular results, as stressed by Himington (1929), 
Prunty (19r‘13), and Lugg (19i}3). 

Apj)arently Csonka (1932) was the first to suspect the existence 
of a time factor at this stage of the jnocess, since in his modifi<*ation 
of the Sullivan technique he stijuilates that after adding the 
naphthoquinone reagent the solution be shaken foi* 10 seconds before 
adding the alkaline sulphite. Lugg (1933) on the other hand 
employed a time interval of no less than 5 minutes. Although it 
would appear that Lugg was working on a fairly horizontal [airt 
of the curve, the em])l()yment of a r)-minute time interval is not 
to be recommended, cdiiefly for two reasons. In the first [)lace Lugg 
was working under conditions where the final colour intensity fell 
far below the optimum maximum intensity; and in the second place 
liis 5-111 i nut e time interval would seem to make the whole process too 
susceptible to variations in cyanide concentrations. In this connection 
it should be observed that Lugg adds 2 () c.(\ of molar or 4 9 per 
(‘ent. NaCN solution to a mi.xture of about 1() c.c. of cystine and 
buffer mixture. Lnder such **onditions it is inconceivable that one 
mole(‘ule of cysteine can be freed from one molecule of (\vstine, unless 
the buffer solution exennses a strongly ])ositive catalytic a(‘celeration 
of the reaction. In spite of this Lugg reports that doubling or 
trebling the amount of cyanide adversely affects the final colour tint 
obtained. 

In contrast to Lugg's observations it was found that the colour 
tint is in no way impaired by adding 2*0 c.c. 10 ]>er cent. NaLN to 
5*0 c.c. cystine sohition, jirovided the time interval between 
napht hocjuinone and sulphite is regulated to 20-30 seconds. As a 
matfer of tact the choice of this time interval is strongly suggested 
by the curve in Fig, 2, as rejiresenting the most suitalile conditions 
for obtaining the optimum maximum colour development. 

The method as ultimately adopted in tins laboiatory is as 
follows : — 

5 c.<‘. of standai’d cystine solution, slightly a(‘id with II (M 
and (‘ontaining ()’4 mg. of cystine. 

2 c.c. 10 per <*(nit. aiiueous solution of !Xa(’N. Mix and wait 
10 minutes. 

1 c.c. of a 0*5 ])er cent. naphtho(|uinone solution. Mix and 
allow 20 se{*onds. 

5 c.c. 10 per <‘ent. sodium sulphite in 0*5 N NaOIT. Mix and 
allow 30 minutes. 

1 c.c. 1-2 per cent, sodium hydrosulphite solution in 0*5 
N NaOH. 

Mix and compare colours after being left in the colorimeter 
cups for about three minutes. All the reagents must be freshly 
prepared, especially the naphthoquinone and the sodium hydro- 
sulphite. 
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Apart from the factoiH already discUBsed various other objections 
have been raised against the Sullivan method. For the greater part 
all these objections centre around the influeiK^e of substances and 
ions other than cystine in solution on the ultimate intensity of cx>lour 
development. 

Thus Lugg (193»1) states that the ijresence of other amino luids 
in relatively large quantities diminish the colour obtained, while 
the yellow colour given by these amino aciids after addition of hydro- 
sulphite (NagSalli) tends to interfere with the (jolorimelric 
(5omi»arison. This interference on the part of f)ther amino acids has 
been verified here, as the results in the table below clearly show. 

Influence of Amino on Cystine (Jolour Development , 


Amino Acids -j- 0*4 mg. (ystine. 


Glutamic acid hydrochloride 

H istidine hydrochloride 

Alanine 

Tyro.sine 

Tryptophane 

Aspartic acid 


Percentage Normal Colour. 


50 X wt. of 

o 

X 

Cystine. 

C-ystine. 

97 


— 

95 


94 

87 

83 

90 

81 

85 

73 


Thus liUgg in his method “ swamps ’’ both assay and standard 
with glycine. The soundness of the prin(‘i]de of such a ])rocediire 
would seem rather doubtful, since it involves the adding of an excess 
amount of interfering material in order to cminleiba lance (he 
influence of interfering material already present. 

Apart from the in-esence of other amino acids, the solutions in 
which the cystine is to be determined usually contain smaller or 
larger amounts of sodium chloride or suljihate de])ending on the 
cystine content of the original material and the amount of acid used 
for hydrolysis. In one of his later publications Sullivan (1929) 
notes that the larger 'amounts of sodium chloride may lead to 
appreidable errors. In this connection it would appear that sodium 
chloride has both an acceleratory and intensifying action. 
According to the curves in Fig, 3 the action of sodium (diloride is 
not very marked when employing 2*0 c.c. 10 per cenl. NaCN for 
the redu(‘tion of cystine to cysteine. 
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Fig. li. 

Intensivyino Effect of NaCl. 



rnUtm NaCt 


Since with such (yaiiide concentrations the cystine-(*yani(le 
double reaction is practically complete, the observed effecd of the 
sodium chloride must be ascribed to its intensifying' action. ( )n tlu' 
other hand, the 2*0 ( .c. 5 pe^* cent. Nal’N (‘urve indicates that under 
such <*<mditions the sodium chloride effect is fairly inaiked at hij>her 
con(‘entrations. Since the cystine-cyanide reaction under conditions 
of cyanide deficiency has been shown not to be cr>m]>lete, the sodium 
chloride in tliis case would seem to have an acceleratory as well as 
intensifying* action. Incidentally this ajipreciable difference in the 
influence of sodium chloride as exhibited by the two curves in Fi^’. ‘b 
illustrates another disadvantage in the original Sullivan techni(iue. 

The inlerfeieiue of inor^*anic salts is, however, not limited 
to sodium chloride; it has been found that sodium sulpliate, 
potassium suljihate and potassium chloride produce a similar effect, 
althou^»h to a someA>hat lesser extent. Luf^K has sliown that the 
ineseruH' of ferri<* iron in appreciable concentrations may lead to 
serious errors. The same was found to a])j)ly to zinc. The su^’^estion 
made by Pruiity (Iffd-l) first to redme the (*ystine to (‘ysteine by 
means of zinc dust must, therefore, be (onsideied with the greatest 
caution. A<‘cordin^* to our own ex])erinients, minute amounts of zim* 
seem to exercise no measurable influem'e; on the other hand, larger 
amounts of zim* ('ause turbidity and produce unreliable colours. As 
an example of a strong* inhibitor sodium borate may be mentioned, 
GO iu«‘. with 0*4 m^*. cystine juodiicin^ only f)4 jier cent, of the 
normal colour develoimient. More remarkable still is the effect of 
ammonium salts. On adding 400 m^*. of ammonium sul])hate to 
0*4 m^?. cystine a ])erfect blank was obtained on the subsequent 
addition of tjie hydro-sulphite; 100 mfr, showed a recovery of 50 per 
cent, and even 10 mg. still showed a loss of 10 j)er cent. Ammonium 
chloride prodiic.ed the same effect. 
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As most protein hydrolysates yvdll contain ammonium salts in 
small and even considerable quantities, this shows a further dis- 
advanta^ire of the Sullivan method when applied directly. 

In view of the interference so far establish^!, ’ the direct 
apidicability of the Sullivan method to all types of hydi'tilysates and 
other solutions would seem to be open to serious doubt. The great 
8pecifi(3ity of the reaction as shown by Sullivan merely indicaGs that 
no other substance is known to give the reaction by itself, yet sitclj a 
finding in no way i)roves that the same substance may not appreciitbly 
influence the (‘olour reaction w’hen j»resent together with cystine. 
As far as is known, this latter type of interference is to a greater or 
lesser ddgree common to most colorimetric methods. 

SUMMARY. 

It has been shown that the Sullivan reaction as a (|uantitative 
colorimetric method for the determination of cystine can be 
considerably im])roved by better regulation of the conditions necessary 
for optimum maximum colour develoj)ment. This imjnovement has 
been brought almut, chiefly by increasing the cyanide concentration 
and regulating the time interval between the adding of the 
napthocjninoiie leagent and the alkaline sulphite. 

It has been found that various substances interfere with the 
intensity of the final colour obtained. Thus other amino-acids, 
ammonium salts and sodium borate have been shown to retard or 
inhibit the reaction, while sodium and ]K>tassiuiu chlorides and 
sulphates have been fotitid to exercise an acceleratory and iutensifviug 
action. 
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The Immunization of Horses and Mules against 
Horsesickness by means of the Neuro tropic 
Virus of Mice and Guinea-Pigs. 

R. A. ATiKXANDER, B.Sc.Agric., B.V.Sc., Empire Marketing 
Board Research Fellow. 

R. J. DU TOIT, B.A., Dr. Phil.. Dr.Med.Vet., D.Sc., Director 
of Yeierinary Services and Animal Industry, Onderstepoort. 

December, 1932, Nieschulz reported that he had succ'eeded in 
infecting white mice wilh the virus of lioi sesickness by the intra- 
cerebral route. 1 nde])endently and concuriently this work was cou- 
firiiied at Onderstejmort (A]exan<ler, 1933), but in one important 
lespect the conclusions di^ered from those arrived at by Nieschulz. 
Whereas Nieschulz maintained that the virus was not attenuated and 
that its chara(der was not altered by ])assage through the mouse, 
our experience with a greater number of horses showed that not only 
was there an attenuation of the virus for the horse, but that, after 
even a limited number of generations, the change was so marked that 
there existed a distinct possibility of developing a safe and simple 
method of immunization against horsesickness in a manner similar 
to that applied to yellow fever by Sawyer and his co-workers. 

With this object in view the virus has been passaged serially in 
mice, so that, at the time of writing, one strain is in its 89th 
generation, a second antigenically different strain is in its 78th 
generation, and a third in its Odth generation. In addition to the 
l)ro])agation in mice the first two of the above-mentioned strains 
have been maintained in guinea-pigs, in which animal they have 
been passaged 38 times. 

As rejioited pieviously, in both these animals the virus adopts 
exclusively neurolropic characters. After 2 to 4 subinoiuilations a 
mortality of 100 per (.ent. is jiroduced, and there is a progressive 
acceleration of the (‘ourse of the disease. From time to time sus- 
ceptible horses and mules hai^e been injected with emulsions of 
virulent brains in order to as(‘er1ain the degree of attenuation for 
ecpiines. The results obtained form the basis of this report. 

Virvs Ujted , — In ihe experiments rejiorted two antigenically 
different strains of virus have been used. 

(1) Strain O (ordinary virus, known as O virus), an extremely 
virulent strain isolated some 30 years ago by Sir Arnold Theiler 
and maintained by periodical subinoculation into horses. Generation 
193 was used in the form of whole blood drawn from a reacting 
horse (20319) at the height of the febrile reaction into oxalate-carbol- 
glycerin solution as an anticoagulant and preservative. Stored in a 
cool room in this way the blood is known to retain full virulence 
for years. 
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(2) Strain 20449 obtained in 1932 from a fatal case of horse- 
sickness that occured in an animal that had been hyperimmunized 
some months previously against strain O by the transfusion of 10 
litres of virulent blood. It has been shown experimentally that this 
strain breaks down the immunity set up by O virus, and conversely 
horses immunized against 20449 strain always react to a subsequent 
intravenous injection of O virus. 

Behaviour of the Strains in Mice and Gvinea^-Pigs, — At this 
stage it is imne(‘essary to describe and conirast the behaviour of 
these strains in mice and guinea-pigs. It is sufficient to state that in 
the case of O virus the course of the disease in mice has gradually 
decreased from 5-7 days to 4 days after 75 passages, and that 0*05 
c.c. of a 1-1(K),000 dilution of fresh brain represents approximately 
1 lethal dose. In guinea-])igs death usually occurs in 0-<S days, and 
the infective litre of the brain is about 1/10 that of mice. 

Strain 20449 invariably kills 100 per cent, of injected mice on 
the 4th day, and emulsions of fresh brains have frequently proved 
infective in a dilution of 1:1,000,000. In guinea-pigs the course of 
the disease is somewhat longer than that produced by (). virus, but 
the iiifectivity appears to the approximately the same. 

Preparation of Virus Emulsio.n for Injection. 

Tiifected mice and guinea pigwS are etherized in e.Hre'mis, the 
brains removed with complete aseptic pretiautions, and placed in 
sterile 50 c.c. centrifuge tubes fitted with sterile corks. The brains 
are then frozen overnight in the freezing chamber of an electric 
refrigerator and next morning rapidly thawed in a water bath or 
incubator at 37^ C. to cause the disintegration of as much cellular 
material as possible. The amount of fluid necessary to give the 
desired concentration (usually 4 per cent.) is introduced, and the 
brain material is macerated by rapidly drawing it into, and forcing 
it out of, a syringe fitted with a fine nozzle. The resulting emulsion 
is then centrifuged for 20 minutes at ±1,500 revolutions per minute, 
and the turbid supernatant fluid free from gross particulate matter 
is used for injection. In the text this fluid is referred to as “ virulent 
brain emulsion 

For emulsification serum of a normal susceptible horse diluted 
1:10 with 0-85 per cent, saline was used, since it has been found 
to have several decided advantages over saline alone.* 

In those experiments where various dilutions of infective brain 
material were used, a stock emulsion representing a dilution of 1 
part of brain substan(*e to 25 parts of 1 :10 serum-saline was made, 
and the requisite dilutions in serum-saline were prepared from this 
stock. 

Horses ani> Mules Used. 

The horses and mules used were obtained from various horse 
dealers, who purchase their animals in districts where horsickness 
normally does not occur. These dealers have supplied this Institu- 
tion for many years, and experience has shown that only on rare 
occavsions have immune animals been included in a batch. The per- 
centage of such animals which were immune as a result of recovery 
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from a natural attack of horsesickness has never exceeded 2 per cent. 
(3on8equently it must be pointed out that although it is possible 
for an immune individual to be drafted into an experiment, duplica- 
tion of each experiment will certainly prevent the drawing of errone- 
ous conclusions from the use of insusceptible animals. 

A. THE IMMUNIZATION OF H0R8E8. 

The first experiment to ascertain the antigenic value of mouse 
neurotropic virus was carried out on two horses. The entire emulsion 
of the brain of one mouse, generation 5, strain 20449, w^as injected 
subcutaneously into horse 20d37 on 22/11/32. There was no local 
reaction at the site of injection, but a mild systematic reaction charac- 
terized by slight fever commenced on the 6th day after injection and 
lasted for 5 days. The horse recovered rapidly and at no time 
would it have been possible for a clinical diagnosis of horsesickness 
to have been made. 

Subsequently, on (i/ 12/32, an emulsion of the pooled brains of 
9 mice, generation 8, strain 20449, was made in 100 c.c. serum- 
saline; 50 c.c. were injected subcutaneously into the same horse; 
and 50 c.(*. intravenously into a 2nd horse (20334). Horse 20337 did 
not rea(*t. Horse 20334 developed a fairly severe febrile reaction 
which lasted from the 5th to the 10th day, acMtompanied by marked 
oedema of the supraorbital fossa (dikkop) and recovered. 

Fourteen days latei‘ (20/12/32) both horses were given 5 c.c. 
of the homologous strain of virulent blood intravenously as an 
immunity test; neither horse reacted. That this blood was fully 
virulent was shown by the fact that a control horse commenced to 
react on the 3rd day after injection and died on the 6th day. 

In j)assing it may be mentioned that on 3/1/33 both the above 
horses were given 5 c.c. of virus, si rain O, intravenously. Horse 
20337 reactecl and died on the 6th day; horse 20334 unclerw^ent a 
very severe reaction, but eventually recoveied. 

Fixun this experiment it must be concduded that during the 
piocess of transformation from viscerotropism to neurotropism there 
is a marked alteration in the virulence of the virus for horses. Con- 
sequently utilization of this process of natural attenuation encouraged 
the hope that after (*omplete “ fixation ” the neurotropic virus might 
serve as a vaccine, since there did not appear to be any decrease in 
antigenic activity. 

To confirm the (‘ouclusions drawn from this initial experiment 
on 2 horses, a second exi)eriment was commenced, with the object 
of — 

{a) ascertaining whether even a limited number of passages 
through the brains of mice and guinea-pigs would 
attenuate the virus to a consistently safe level; 

(6) determining the most suitable route for the injection of 
equines, i.e. subcutaneous or intravenous; 

(c) comparing the relative efficacy and degree of attenuation of 
the mouse and guinea-pig adapted viruses respectively. 
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The injections g^iven and the results obtained are indicated 

below : — 

20492. 28/12/32. Subcut. 50 c.c. emulsion 3 mouse brains, 

generation 12 and 13, strain 20449. Severe 
reaction commenced Oth day. Died 11th day. 
Dikkop horsesickness. 

20493, 28/12/33. Intravenously 50 c.c. emulsion 3 mouse brains, 

generation 12 and 13, strain 20449. Slight 
febrile reaction from 0th to 11th day. 
Recovered. 

*10/1/33. Intravenously 5 c.c. virulent blood strain 20449. 
No reaction. 

25/4/33. Subcutaneously 10 c.c. 1/25 dilution 1 brain 
mouse, gm. 29, strain O. Severe reaction from 
7th to 14th day. Recovered. 

(Note. — H. 20493 had an accident and had 
to be destroyed before the application of an 
immunity test to 0 virus.) 

20494. 28/12/33. Intravenously 50 c.c. emulsion 1 guinea-pig 

brain, generation 3, strain 20449. Mild 
reaction from Gth to 11th day. Recovered. 

*10/1/33. Intravenously 5 c.c. virulent blood strain 20449. 
No reaction. 

13/2/33. Subcutaneously 50 c.c. emulsion 2 guinea-pig 

brains, generation 5, strain O. No reaction. 

*3/3/33. Intravenously 5 c.c. virulent bhx^d strain O. No 
reaction. 

20495. 28/12/32. Subcmtaneously 50 c.c. emulsion I guinea-pig 

brain, generation 3, strain 20449. No reaction. 

*l()/l/33. Intravenously 5 c.c. virulent blood strain 20449 
No reaction. 

30/1/33. Subcutaneously 15^ c.(!. emulsion 1 moiise brain, 
generation 13, strain O. Severe reaction from 
3rd to 13th day. Recovered. 

*20/2/33. Intravenously 5 c.c. virulent blood, strain O. 
No reaction. 

20496. 30/12/32. Subcutaneously 15 (*.c. emulsion 3 mouse brains, 

generation 7, strain 0. Severe reaction com- 
menced 3rd day. Died 9th day. * 

20497. 30/12/32. Intravenously 15 c.c. emulsion 3 mouse brains, 

generation 7, strain O. Reacted from 4th day. 
Died 8th day. 

20502. 18/1/33. Intravenously 10 c.c. emulsion 1 guinea-pig 

brain, generation 5, strain 20449. Mild fever 
reaction from 8th to 14th day. 

*10/2/33, Intravenously 5 c.c. virulent blood strain 20449. 
No reaction. 

2/3/33. Subcutaneously 10 c.c, 1/500 dilution 1 mouse 
brain, generation 16, strain 0. Severe reaction 
from 5tb day. Died 9th day. 


Denotes immunity test. 
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Ijitraveiioiisly 10 emulsion 1 giiinea-i)ig 

brain, gejieration 5, strain 20449. Mild fever 
leaction from 9th to 17th day. 

Intravenously f) e.c. virulent blood, strain 20449. 
No reaction. 

Subcutaneously 10 c.c. 1 /500 dilution 1 guinea- 
pig brain, generation 6, strain O. Severe reac- 
tion from 5th day. Died lOth day. 

Subcutaneously 50 c.c. 1/100 dilution 1 guinea- 
pig brain, generation 5, strain O. Severe 
reaction from 2nd day. Died Oth day. 

JihSri/rS AND (WCU.ITSTONS. 

(1) There appears to be no significant difference in the results 
obtained from the injection of the virus emulsion subcutaneously or 
intravenously. In the first instance (horses 20492 and 20493) the 
subcutaneous injection produced the more severe reaction; in the 
second instance (horses 20494 and 20495) the more severe reaction was 
a result of the intravenous injection; in the third instance (horses 
20490 and 20497) both the injected animals died, f Consequently it 
was decided that for the sake of ultimate simplicity all injections 
in the future would be given by the subcutaneous route. 

(2) The virus appears to be attenuated more rapidly by serial 
])assage through guinea-pigs than through mice. Whether this 
attenuation is meiely more rapid at the commencement of passage 
but eventually would attain the same level in both animals after 
prolonged subinoculation, it is not possible to say at this stage. 

(3) The two different strains of vitus used did not become attenu- 
ated for horses at the same rate as indicated by the fact that horses 
29494 and 20495 survived an injection of material consisting of the 
3rd generation of strain 20449 in guinea-pigs, while horse 20538, 
which was injetded with emulsion representing the 5th generation 
of strain () in guinea-])igs, died after an imuihation period and 
duration of illness which indicated that little or no decrease in 
virulence had taken place. In this connection it is interesting to bear 
in mind that strain 20449 was obtained from a naturally contracted 
<*ase of horsesickness, while strain O, which had been puvssaged for 
193 generations in horses before being transferred to guinea-pigs, 
possibly had be(*oine fixed '' for horses. 

(4) Apart from the definite attenuation of the virus strains, the 
most gratifying and Jiiost important comdusion that may be drawn 
from the whole experiment, is that decrease of virulence is not 
accompanied by a simultaneous loss of any antiaeiiic* power. This is 
(dearly illustrated by the 'observation that every horse which sur- 
vived an injeidion of guinea-pig or mouse virus was shown sub- 
sequently to be solidly immune to the homologous strain. 


20503. 18/1/33. 

nO/2/33, 

2/3/33. 

20538. 22/2/33. 


♦ Denotos immunity test. 
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(5) As regards the immunity produced by one strain of virus 
(20449) against a second (strain O) no definite conclusion can be 
drawn, since horses which had survived the in|ection of 20449 neuro- 
tropic virus received material representing different generations of 
strain O, i.e. at different levels of attenuation. It seems probable 
therefore that if a cross-immunity does exist, it is ai most only 
partial. 


The results obtained from the above experiment w^ere so encou- 
raging that it was decided to carry out a further experiment on five 
horses to determine the degree of attenuation aftei* several additional 
passages through guinea-pigs and also to ascertain the effect of 
injecting various dilutions of emulsion. 

Three guinea-pigs, (‘onstituting generation 10, strain 20449, 
were destroyed in extremis and a 5 per cent, emulsion of the pooled 
brains was made in 1/10 normal horse serum-saline. The sux>er- 
natant fluid obtained after centrifugation was used as the highest 
concentration of virulent brain, and serial dilutions in serum-saline 
were made from this stock emulsion. The injections made and the 
results obtained are tabulated below: — 


Horne. 

Date. 

Dose. 

Dilution. 

Reaction. 

20360 

7/3/3» 

lOo.c. so bout. 

1/20 

i 

No reaction. 

20354 

„ 

1/I«0 

*♦ 

20371 

- 

- 

1/5(M) 

Reaction commenced 8th day. Died 16th 
day. Dikkop. 

20355 

>> 

- 

1/1,000 

Mild febrile* reaction | Dikkop from 
» 14-1 7th day. 

20367 



1/5,000 

Reaction commenctHl 7th day. Died 13th 
day. Dikkop. 


The 3 survivors were given an immunity test of 5 c..c. of virulent 
bl(K)d of the same strain intravenously on 4/4/33. There were no 
clinical or thermal reactions, A titration of the iiifectivity of the 
emulsion for mice was carried out, 0*05 c.c. amounts of each serial 
dilution in serum-saline being inje^cted intracerebrally into 2 mice. 


Dilution, 


Result, 


1 / 20 .... 
1 / 100 .. . 
1/500... 
1 / 1 , 000 .. 
1/5,000.. 
1 / 10 , 000 . 
1/50,000, 


6 : 6 * 
6 : 6 
6 : 6 
7 : 8 
7 : 7 
7 : 7 
0 : 0 


♦ Note. — T he numerals indicates the number of days between injection and death of 
each mouse. 0 means survival. 
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Results and Conclusions. 

Of 5 horse injected with the same dose of falling dilutions of 
iieurotropic virus in the 10th passage through guinea-pigs, 2 died 
of dikkop horsesickness, 1 showed a marked clinical reaction accom- 
panied by oedema of the suju-aorbital fossa, and 2 did not react. 
Whereas strain 20449 can be relied upon constantly to produce a 
reaction by the 4th day and death by the 7th day, the reactions were 
considerably delayed; in facd, they were of a nature which would 
have been expected as a result of the simultaneous injection of virus 
and massive doses of hyperimmune serum. This clearly indicates 
that a considerable decrease of virulence for horses had taken place, 
but after JO generations in guinea-pigs the attenuation had not 
reached such a level as to permit of the injection into fully suscep- 
tible animals with perfect safety. 

The survivors, after an interval of 28 days, were solidly immune 
to the homologous strain of virus, again indicating no diminution 
of antigenic activity. 

A striking feature of the experiment is the fact that the horses 
which received the lowesi concentration of brain subvstance reacted 
most severely. If the reactions produced in horses 2(Klo5 and 20371 
(1:1000 arul 1 : oOO dilution) were inter(*hanged, there would have 
been a perfect gradation from no reaction with the highest con- 
centration (1:20) to the mosi severe reaction, with vshortest period 
of incubation and earliest death, with the lowest concentration. 
The virus titration in mice sIkjws that 0-05 ('.c. of a 1 : 5(),()00 dilu- 
tion contained less than 1 minimal lethal dose of virus for mice. 
Therefore the 1 : 5,000 dilution contained between 1 and 10 infective 
doses and the 1 : 20 dilution between 250 and 2,500 infective doses. 
Thus the horse (203(>7) which received a maximum of 2,000 mouse- 
inf eidive doses reacted more severely than the horse (20300) which 
received ])ix)bably 500,000 mouse-infective doses. 

This observation ap])eared to be of such imi^ortance that a second 
experiment was ])lanned on similar lines to confirm the unexpected 
finding. XTnfortunately, just when it aj>peared likely that a similar 
result Avould be the outcome, a virulent outbreak of respiratory 
(‘atarrh and pneumonia due to a streptococ(*al infection occurred in 
the stables. Several of the animals in the experiment were so severely 
affected that the results of the virus injections were completely 
obscured, and a third more comprehensive e.xperiment was carried 
out as imlicated below. All the animals were injected on 23/G/33 
and the dose in eaidi case was 10 c.c. of the indicated dilution of 
brain material subcutaneously. 


(InouP 1 . — Strain O Virus after 40 Passages in Mice. 


Horse. 

Dilution. 

[ 

0-05 c.c. in Mice 
Intraccrebrallv. 

j Reaction. 

20541 

1/1(X> 

4:4 

Reaction from 4th <lay. 

Died 9th dav. 

20542 

I /lOO 

— 

Reaction from 3rd day. 

Died 6th dav. 

20543 

1/10,000 

5:6 

Reaction from 3rd day. 

Died 9th day. 

20544 

1/10,000 

1 

Reaction from 4th day. 

Died 9th., day. 


381 



IMMUNIZATION OF HORSES AND MUEES AGAINST HORSESICKNESS. 


Group 11.— Strain O Virvs after 2] Passages in Guinea-’pigs. 


Horse. 

Dilution. 

0 05 c.c. in Mice 
Intracerebrally. 

Reaction. 

20572 

1/50 

5 : 6 

Reaction from 3rd day. Died 9th day. 

20573 

1/50 

— 

Reaction from 3rd day. Died 10th day. 

20581 

1/500 

5 : 7 

Reaction from 4th day. Died 9th day. 

20582 

1/5,000 

6 ; 6 

Reaction from 3rd day. Died 9th day. 

20583 

1 / 5,000 

1 

— 

Reaction from 4th day. Died 10th day. 


Group III 

. — Strain 20449 after 51 Pa.^sages in Mice. 

Horse. 

Dilution. 

0 05 c.c. in Mice 

T n tracerebrall V . 

Reaction. 

20545 

1/100 

4 : 4 

Mild fever from 19- 23rd day. Recovered. 

20546 

1/100 

— 

No reaction. 

20569 

1/1000 

4 : 5 


20570 

1/10,000 

5 : 6 


20571 

1/10*000 


- 

Group TV. — Strain 20449 after 23 Pa.^sages in Gviiiea^pi g.^. 

Horse. 

Dilution. 

0 05 c.c. in Mice 
Intracerebrally. 

Reaction. 

20585 

1/50 

5 : 6 

Too wild to tomperature. No clinical 
reaction. 

20586 

]/50 

— 

No reaction. 

20587 

1/500 

5 : 7 

Moderate reaction from 8th to 11th day. 
Recovered . 

20588 

1 / 5,000 

6 ; 7 

No reaction. 

20589 

1/5,000 


>> 


Eesuets. 

Four horses received various tliluiions of f) virus which had 
been passajj-ed for 40 generations in mice and five horses received 
O virus after 21 passages in guinea-pigs. All died from horsesick- 
ness as a direct result of the injection. 

Five horses received various di hit ions of virus, strain 20449, 
after 51 generations in mice, and five horses received strain 20449 
after 23 generations in guinea-pigs. Of the 10 animals eight showed 
no clinical or febrile reaction, one wtis too wild to temperature but 
vshowed no clinical reaction, one jeacted mildly, and one showed a 
fairly severe reaction but made a rapid recovery. 

At various times after reioveiy all the survivors were shown 
to be solidly immune to the homologous strain of virus. 

Conceits JONS. 

After 40 generations in mice and 21 generations in guinea-pigs 
O virus had not reached a level of attenuation sufficient to permit 
of recovery of any of the injected horses. Some attenuation probably 
had occurred, since the course of the disease w^as prolonged about 
3 days beyond the time that wTmld have been expected from the 
use of fully virulent virus. 
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After a slightly greater number of generations in both mice and 
guinea-pigs strain 20449 appeared to have become sufficiently attenu- 
ated to render its injection into horses perfectly safe. This great 
difference in the results obtained with the two strains of virus cannot 
be ascribed solely to the slight difference in number of brain to 
brain passages in the small animals. Either O virus is a strain which 
does not lend itself U) rapid attenuation oi after its 193 juissuges in 
horses it had become “ fixed ” for horses, with the result that 
attenuation i)iobably will take pla(‘.e eventually but will take very 
much longer. The latter is the more acceptable explanation, since 
strain 20449 was originally no less virulent for horses, but, as it 
was isolated in its first generation in horses, it is capable of under- 
going a metamorphosis from viscerotropism to neurotropism more 
rapidly and more completely. 

In this experiment no diffeience could be detected in the results 
obtained from the injection of the highly con(‘,entrated or diluted 
brain emulsion. No ex])lanatioii for this disc.rei)ancy can be offered. 
From the point of view of ultimate economic* production of a vaccine, 
it has not been deteiinined what concentiation of brain material 
will constitute the most efficient antigen, nor how many doses can 
be obtained from a single mouse or guinea-pig brain. 


B. THE IMMUNIZATION OF MULES. 

The experiments carried out on honses indicate that a gradual 
progr(*ssive attenuation results from the serial passage of the virus 
through mice and guinea-])igs by the intracerebral imite. After a 
limited number of ])assages the injection of a partially fixed neuro- 
fropic virus, not unexpectedly, may produce severe reactions and even 
some mortality in highly siis(‘eptible liorses. Since mules are con- 
siderably more resistant than horses, it was decided at this stage to 
attempt the immiiiiizatioii of a few mules in the hope that some 
light might be thrown on the change which was taking j)lace in the 
virus. 


The virus sti'ains had been passaged for a greater number of 
generations in mice than in guinea-pigs so that in a preliminary 
exj)eriment on 10 mules the “ mouse ’’ virus was used. 

The injections given and the results obtained are shown in 
tabulai* form below. It will be noticed that the animals were divided 
into two gi-oups. (xrouj) I were given an initial injection of various 
dilutions of brain material representing mouse generation 34, strain 
20449; after (*ompletion of the immunity test against the homolo- 
gous strain of this virus they received various dilutions of material 
representing mouse generation 35, strain O. In group II the reverse 
procedure was adopted. The primary injections (omprised various 
dilutions of mouse generation 29, strain O, and after the homologous 
immunity test mouse generation 49, strain 20449, was given. 

The second table records the infeciivity of the different virulent 
brain emulsions, as iiidic’ated by titration in mice. 
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Table II . — Vitrus Titration m Mice, Dose 0*05 1 ntracer eh rally , 

Group I. 


Generation 34. 

Strain 20449. 

Generation 35. 

Strain 0 Virus. 

Dilution. 

Course in Days. 

Dilution. 

Course in Days. 

1/25 

6 : 7 

1/25 

6 : 7 

1/250 

5 : 5 

1/100 

6 : 7 

1/2,500 

5 : 0 

1/1,000 

6 ; 6 

1/25,000 

1 5 : 7 

1/10,000 

6 : 7 

1/260,000 

' 8 : 0 

1/100,000 

0 : 0 

1/2,500,000 

0 : 0 

1/1,000,000 

0 : 0 


Group II . — Generation 29, Strain O Virus, Generation 49, 

Strain 20449. 


Generation 29. 

Strain O Virus. 

Generation 49. 

Strain 20449. 

Dilution. 

Course in Days. 

Dilution. 

CUurse in Days. 

1/26 

8 : 8 

1/26 

5 : 5 

1/100 

7 : 8 

1/100 

4 : 5 

1/1,000 

8 : 9 

1/1,000 

5 ; 5 

1/10,000 

9 : 0 

1/10,000 

6 : 7 

1/100,000 

0 ; 0 

1/100,000 

6 : 6 


1/1,000,000 

0 : 0 


Resiilts. 

Group 7. — In this j^Toup the piocess of immunization of five 
animals Avas comiiiencefl by ^^ivino- various dilutions of strain 20449, 
the 'f4th generation in mice beiii”’ used. There was no mortality, 
and with ihe exception of one mule which received the 1:2,500 
dihition the reactions were so mild 'that they mif»*ht have escai)ed 
clinical recognition had a bi-daily temperature record noi been kept. 
Gn immunity test, after an interval of 22 days, 4 of the mules 
(20597-20000) showed definite but very mild reactions and recovered; 
1 mule (20001) commenced to react on the 4th day after injection 
and died on the 7th day. The reaction in this animal is of particular 
interest. 

According to the titration of infectivity in mice, 0*05 c.c. of 
the 1:250,000 emulsion contained approximately 1 lethal dose of 
virus for mi(‘-e, since only 1 out of 2 injected mice died and death 
occurred at least a day later than was anticipated. Theref>ore, it is 
not unreasonable to assume that the 10 (*.c. of this dilution injected 
into the mule (20001) contained less than 1 mule-infective dose. If 
less than a single infecting dose was injected there would be no 
multiplication of the virus in the body and no immunity would 
result, (kmsequently the death of the animal on immunity test is 
easily explained, and this animal serves as a control for the virulence 
of the blood used. 

After an interval of 32 days, the four surviving mules were 
injected with virulent brain emulsion comx)rismg mouse generation 
t35, strain O, in dilutions varying from 1/25 to 1/10,000. There 
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was a slight fever reactiori in one animal (20599) whieh had been 
injected with the 1/1,000 dilution. The remainder showed no clinical 
or febrile reaction, and all were solidly immune 20 days later. 

Grovfj 11 , — “Immunization of five mules was commenced with the 
inje(jtion of vfirious dilutions of virulent brain material comprising 
generation 29, strain O. The two animals which received the highest 
(joncentration reacted severely; the one (20G04) recovered and the 
other (20002) died, the long incubation period, however, indicating 
that an attenuation of the virus had taken place. The remaining 
three mules did not react. On immunily test after an interval of 
24 days, the four surviving mules proved to have developed a solid 
immunity. 

In the light of the exiierience with mule 20()01 in group 1 above, 
the failure of mule 2060<S to react to the immunizing injection, and 
yet proving to be immune subsetjuently is of interest. Ac(‘ording to 
the titration of infe(‘tivity in mice the 1/10,000 dilution used 
contained l)aj‘ely one mouse-infeci ing dose, sin(‘e only one out of two 
injected mice died. The 10 c.c. given to the mules, therefore, musl 
have containeci only slightly more than 1 mule-infective dose and 
consequently an active immunity developed. Tl is unforl unate that 
the animal was too vic’ious to temperature, because ilie previous 
results have shown that often it is necessary to differentiate between 
a clinical and merely a febrile reaction. 

In addition, it is worthy of note that the animals which leacted 
vejy severely both received the higest (toncentrat ion of brain 
material containing a virus which had been subjected to a limited 
number of passages — 29. This result is precisely the opi)osite to 
that obtained from the use of guinea-pig brain emulsion in horses. 
This observation is discussed later. 

After an interval of 20 days the four mules received various 
dilutions of brain emulsion comprising generation 49, strain 2t)449. 
There weie no reactions and 15 days later a solid immunity to the 
homologous strain of virus had develo])ed. 

It is ditti(*ult to put forward a convincing com])arison of the 
results obtained in group 1 and group IT, since adeciuate data have 
not been collected in regaid to the degree of cross-immunity existing 
between the two strains of virus used before neurotrc>]>ic fixation. 
But, it is interesting to note that immunization against one strain 
produced an undoubted immunity against the other, since the first 
series of immunizing injections produced reactions uhich were con- 
siderably more severe than those resulting fi*om the second virus. 
This difference cannot be ascribed entirely to the viruses \ised being 
at different levels of attenuation by passage. Further work is in 
progress -on the antigenic structure of the different strains of virus 
isolated so that a full discussion on cioss-immunity will have to be 
reserved for a later ])ubli cation. 

Con ruTTs IONS. 

The results obtained with mules were ai)pr()ximately those antici- 
pated from a consideration of the previous results obtained with 
horses. It is shown to be possible to immunize mules by the injection 
of a modified virus which has been attenuated by serial passage 
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through both nli(^e and guineu-pigs. Moreover, every animal which 
survives an injection of a certain infective dose of neurotropic 
virus, irrespective of whether a demonstrable reaction or not is 
produced, is immune to the homologous strain as contained in virulent 
equine blood. The more resistant species, the mule, is able to with- 
stand the injection of a i^artially fixed neurotropic* virus better than 
horses, and it is shown that the one stiain of virus (20449) is attenu- 
ated at a greater speed than the other strain (0), 

The results were so encouraging that it was decided to run a 
second experiment on 10 mules with the object of — 

(1) (‘omparing the relative value of the guinea-pig and mouse 

viruses ; 

(2) comparing the production of immunity as a result of the 
injection of minimal doses of infective emulsion; 

(3) ascertaining whether a series of injections of different 
strains of virus could be replaced by a single injeeiion of a 
bivalent mixture, i.e. to obtain some information as to the 
possibility of producing a polyvalent vaccine (consisting 
of a mixture of known antigenicully different strains. 

The injections given and the results obtained are shown in 
tabular form below. It should be stated that the different dilutions 
of each strain from both guinea-pigs and mi(*e were made up 
separately, and after dilution the reciuisite mixtures were made. 


A, Guinea-pig Vims. — Generation 23, Straifi 20449 4* 
Generation. 31, Strain 0. 


Mule. 

Date. 

Dose, 

Dilution. 

Result. 

20.596 

23 6/33 

10 c.c. 

1/50 

Moderate reaction from 4th to 12th dav. 

•20003 

23/6/33 

10 c.c. 

1/50 

Very niild indefinite*, febrile reaction. 

20606 

23/6/33 

10 c.c. 

1/500 

Moderate reaction from 4-1 4th day. 

20610 

23/6/33 

10 c.c. 

l/.5,000 

Severe reaction from 4- 16th day. Re- 
covered. 

20609 

2,3/6/33 

10 c.c. 

1/5,000 

Mild febrile reaction from 7-*14th day. 


B. Mouse 

Virus. — Generation 51 Strain 204494- 



Generation 40, 

, Strain 0. 

Mule. 

Date. 

Dose. ' 

Dilution. 

Result. 

20611 

23/6/33 

10 c.c. 

1/100 

Reaction commenced 3rd day. Died 1 1 th 
day. 

20612 

23/6/33 

10 c.c. 

1/100 

Severe reaction from 4-1 6th day. Re- 
covered. 

20613 

23/6/33 

10 c.c. 

1/1.000 

Reaction commenced 4th day. Died 12th 
day. 

^20614 

23/6/33 

10 c.c. 

1/10,000 

Mild indefinite febrile reaction. 

206 ir> 

23/6/33 

10 c.c. 

1/10,000 

Moderate reaction from 5th to 11th day. 


* Note. — After an interval of 28 days, mule 20603 received an immunity test of 6 c.c. 
of virulent blood strain 20449 intravenously, and mule 20614 6 c.c. of virulent blood strain O, 
neither animal showed any reaction so the remainder were turned out to grass to be exposed 
to natural infection. 
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Results. 

Of the five mules whicJi received dilutions of the ^uinea-pi^ 
virus all showed definite reactions, bui only one (20010) reacted so 
severely that any doubt was entertained as to its ultimate recovery. 

In ^roup II, which received mouse virus, all the mules reacted. 
The reactions clinically were of a much more severe nature than in 
|^:roui) A, and there were two deaths. 

The immunity test which was (iuiried out may be considered 
inadequate, but it must be borne in mind that previous work has 
shown conclusively that every animal which receives a sure infecting* 
dose of virus develoi)s a solid immunity. Hence the demonstration 
that immunity against both strains of virus had been induced was 
regarded as sufficient. During the peiiod the mules have been at 
grass there has been no natural outbreak of horsesic'kness, so that 
no additional information has been collected. 

Ck)NCLrsioNS. 

Again it is demonstrated that horsesickriess virus is more rapidly 
attenuated by })assago through the guinea-j)ig than through the 
mouse, but it cannoi be stated whether the attenuation after complete 
fixation in both animals eventually would attain the same level. 
This point will be tested ade(juately in due course. 

It is shown that it is ])ossible to immunize against two strains 
of virus simultaneously, but when two partially attenuated strains 
are used the reactions produced by eilher strain separately are 
considerably less severe than the reactions produc.ed by the injection 
of a mixture of equal ])arts ot the two strains. 

Attention must be directed to the fact that the two deaths 
and })ossibly the most severe reaction ocfuirred in those animals which 
re<^eived the highest comentration of mouse virus, and the mildest 
reactions o(*curred in those animals which received the highest con- 
centiation of gxiinea-pig brain emulsion. The possible significance of 
this finding is discussed below. 

Lastly it is clear that high dilutions of virulent brain emulsion 
make satisfactory antigens vso long as one or more minimal infective 
does are injected. This j)oint is of extreme importance from the 
point of view of the ultimate economic production ot a vaccine in 
bulk. 

DISCUSSION. 

The experiments oji Jiiules and horses detailed above indicate 
conclusively that there is a profound alteration in the nature of the 
virus of horsesi(‘kiiess as a result of serial brain to brain passage 
thiHUigh both mice and guinea-pigs. Xo accurate data as to the 
virus content of virulent equine blood have been collected, since the 
cost of carrying out an accurate titration in horses is prohibitive; 
but the alteration in the virus on neurotropie fixation represents 
not a decrease in infectivity, since high dilutions of brain emulsioTi 
are infective, but does represent .some change in the actual nature of 
the virus resulting in a marked natural attenuation. The change 
fi*om vist*erotropism to neurotropism is not acoompanied by any 
apparent alteration in antigenic power. Consequently the use of a 
neurotropic virus fixed ” for mice or guinea-pigs has been shown 
to constitute a rational method of immunization against horsesickness. 
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Attenuation by passage through the guinea-pig occurs at a 
greater rate than by passage through the mouse, but no opinion 
can be expressed as io the ultimate level which will be attained after 
repeated subinoculation over a number of years. Whether the degree 
of attenuation in either animal udll eventually reach such a point 
that injection into horses will be perfectly safe in every case, has 
yet to be determined. This iioint will only be (deared iii) by the 
collection of data from a large number of animals since the suscep- 
tibility of individual horses is known to vary within wide limits. At 
the present moment it is hoped that attenuation ivill reach a level 
which is (‘onsi^stently safe and that it will not be necessary to resort 
to tile preliminary injection of a virus artificially attenuated by 
chemical or physical means, or to modify the reaction by the 
simultaneous injetdion of hyperimmune serum. 

A consideration of the results obtained from the experiments 
recorded indicates that when once the anti-body producing mechanism 
of the animal body has been stimulated, it is comiiai at ively easy to 
reinforce the initial immunity. This point was demonstrated by the 
mildness of the reactions produced by neurotropic, virus O in animals 
previously immunized against strain 20449, whereas the same material 
produced severe reactions and even mortality in fully susceptible 
animals. Consequently, it has vStill to be decided whether the ultimate 
procedure will consist of a series of injections of different virus strains 
or a single injection of a polyvalent mixture. The possibility of the 
latter procedure has been demonstrated by the successful immuniza- 
tion of mules against two viruses by a single subcutaneous injection. 

This conception of the pixiduction of a polyvalent vaccine con- 
stitutes a considerable advance over previous methods. Both the 
hyperimmune serum-virus simultaneous method and the formalized 
spleen virus method have as their basis the us^ of a stingle strain 
(strain O) which, experience has shown, is cajiable of immunizing 
against a greater number of different strains than any other virus 
isolated. Yet the immunity produ(‘ed by these methods is not 
complete as evidenced by periodical breakdowns in the field; practi- 
cal difficulties and ciost prevented any attempt at producing either a 
polyvalent serum or formalized vaccine. With the neutrotropic vii'us 
method an atteinpi certainly can be made to immunize against all 
strains that are isolated, since a te(*hni(|ue of in vitro neutralization* 
has been developed which permits of an evaluation of the antigenic 
structure of the different natural strains of virus which have been 
encountered. 

In conclusion it must be pointed out that up to the 
it has merely been shown that immunization by means of an attenu- 
ated neurotix>pic virus is possible. The work on mass production 
of such a vaccine is still in its initial stage, since a very large number 
of important points have yet to be subjected to a thoTX)Ugh investiga- 
tion. For example, the relative efficacy of the mouse and guinea- 
pig adapted viruses have not been evaluated. The ease of serial 
transfer and the short course of the disease jiroduced in mice gives 
preference to this animal for rapid passage and maintenance of a 
virus. On the other hand, the guinea-pig possesses a brain which is 
approximately 5 times the size of that of the mouse, though the 


This forms the basis of a report to be published later. 
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barins of moribund mice have been found t-o contain about 10 times 
more virus per unit of brain substance so that a^’ain preference must 
be ji^iyen to the mouse for the pioductioii of lar^e qualities of virus. 
In spite of this, attention must be directed to the phenomenon of 
hit'll concentrations of virulent f»uinea-pi[^ biain on some occasions 
producing very much milder reactions than low dilutions, whereas 
the reverse has been the experience with mouse material. No adequate 
explanation can be offered for the phenomenon at this stage, but the 
tentative suggeslion is advanced thal the ])rolonged development of 
the virus within tlie cells of the guinea-pig brain may result in the 
pioduction of a non-infective antigenic substance in appreciable 
amount analogous to the sj)eciti(‘ poly-sa<*charifIe antigens of some 
bacteria. 

This report therefore must be regarded as being of the nature 
of a progress report since, to be of any real value, work on the 
immunization of e(iuines against horsesickness must be carried out 
on large numbers of animals because the individual suscei>tibility 
•of different horses varies so greatly that a true interjjretation of the 
relative value of different methods of immunization is only possible 
after the colle<ition of adequate data from work on large numbers 
of animals housed and maintained under a variety of conditions. 

SUMMARY. 

(1) Detiiils of the results obtained from the injection of horses 
a!id mules with neurotropic mouse and guinea pig’ adapted virus 
are given. 

(2) It is shown that the virulen<‘e of horsesickness virus pro- 
giessiselv decreases for ecjuines as neurotro])ic fixation takes place 
by sei'ial passage thiough mi<‘e and guinea-])igs. 

(d) The attenuation occurs more rapidly through the guinea-pig, 
but it is not kmiwn whether the ultimate level will not be the same. 

(■1) All animals which suivive an injection of one infective dose 
of neurot r()])ic virus, whether or not a demonstrable reaction is 
produced, are immune to the homologous strain of virus. Immunity 
to heterologous strains is at most only partial. 

(5) No difference in favour of either the subcutaneous or intra- 
vemms method of injection could be determined. 

(0) It is shown that the subcutaneous injection of as small i\ dose 
as 10 (*.(*, of a 1:10,000 dilution of infective brain emulsion is 
ade(|uate. 

(7) Attention is diiected to the phenomenon of a high concentra- 
tion of infective guinea-pig brain emulsion producing a milder 
reaction than a low but still infective concentration. 

(8) The possibility of developing a polyvalent vaccine is discussed 
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INTRODUCTION. 

Up to the present (198^2) it has been accepted that blueton^ue 
((hitarrhal fever) is a disease specifically and exclusively confinecl to 
shee]). Xo observations have lieen rec’orded of the disease occurring* 
naturally in cattle, and attempts to produ(*e reactions in animals 
other than sheep, have generally failed. 

Spreull (1905) demonstrated that calves and goats inoculated 
with blood of sheep affected with bluetongue retained the virus for 
some time. He found the blood of such calves still infective when 
tested on shee]) on the i^lst day after inocuilation , but after 85 days 
the blood \\as found to be sterile. Subseejuent ly he again inoculated 
these calves with virus material, but says; “ The calves did not 
again become virulent Ajiart from a “ slight reaction ” in one 
of these calves he apparently did not observe any typical bluetongue 
symptoms or lesions. 1die fact, however, that the blood of these 
calves did not become virulent, when inoculated a sec*ond time, 
would seem to indicate that the calves liad undergone a reaction. 
The reaction vas, however, imper(‘e])tible as no sym])toms or lesions 
were observcul. When the virus was introduced in the se(‘ond instance 
it was ai)parently destroyed by immune bodies which had developed 
after the first inoc ulation. 

More re<*ently Neitz (1988) found that the blesbuck {J )arnahsri(s 
alhifrons), although developing no perceptible reaction to bluetongue 
virus, <*an in a similar way act as a “ reservoir ” for this virus. 
He could demonstrate the presence of the virus in the blood of the 
blesbuck up to the 17th day after inoculation (a period corresponding 
closely to SpreulTs 21 days in the case of calves). Neitz puts forward 
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the interesting- hypothesis that the disease hlnetongne was originally 
transmitted from game to sheep: “ The game acting as a reservoir 
for this virus in the same way as the blue and black wildebeeste act 
as a reservoir for Snotsiekte This contention, however, appears to 
be somewhat misleading, and the analogy made between bliietongiie 
and snotsiekte is not strictly correct. In the case of snotsiekte out- 
breaks have only been noted where (*attle come into very close 
contact with wildebeeste (Mettam, 1923). Furthermore, under 
natural conditions there is no evidence of the disease spreading from 
cattle thus infected. On the available evidence the wildebeeste do 
seem to serve as a reservoir for snotsiekte virus. In the case of 
bliietongue, however, the presence of game is not a requisite factor 
and the epizootology of the disease is entirely different from that of 
snotsiekte. Therefore, the suggestion that game should be incul- 
pated as the immediate reservoir of bluetongue virus cannot be 
entertained. 

The intensive veterinary camxiaign of 1932-33 to combat the 
outbreak of foot and mouth disease in Southern Africa brought to 
light the occurrence of an undescribed “ stomatitic. disease of 
cattle wdiich made its appearance in localities scattered over an 
extensive area of the ITniou {ride Api)endix (^). In ])raciical]y 
every instance where the disease was reported the owners sus])ec‘ted 
foot and mouth disease and widespread consternation resulted. 
These outbreaks were jiarticularly common on Transvaal and Free 
State highveld farms. 

At the beginning of March, 1933, the disease broke out in a 
herd on the farm Welgezegend in the Standerton District. Thiee 
cow^s developed very severe symptoms. In this instance also the 
owner suspected foot and mouth disease, iind as the farm \vas not 
very far from Uooikoii No. 15 (near (Jermiston), where foot and 
mouth disease liad been diagnosed, the probability of anotlier out- 
break seemed very real. 

Transmission experiments were decided upon and carried out 
on this farm. These experiments were in the first place designed 
to exclude foot and mouth disease and, in the event of its exclusion 
to attenij)! to as<'ertain the nature of this new^ (*ondition. 

The results of these Welgezegend experiments and of subse- 
quent investigations undertaken at Onderstepoort, are the subject 
of this paper. 

With the a\ailable experimental data it would ajixiear that the 
virus causing the Avell-known bluetongue of sheej) is also the factor 
concerned in the aetiology of this stomatitic disease of cattle. 

For tlie sake of convenience and to prevent misunderstanding, 
it is proposed to refer to the disease as Bluetongue of cattle. It 
should, however, be understood that, although the term bluetongue 
is now almost exclusively used to designate this disease in sheep, 
it is an undesirable nomenclature when applied to the disease in 
cattle, since the blue or cyanotic c*ondition of the tongue, as observed 
in sheep, is not usually manifested, A very regular change is a 
localized inflammation with necrosis of the buccal and nasal mucosa 
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and a popular term hucIi as seerbek or sore mouth would 
have been more appropriate. By the adoption of the name Bine- 
tongue in cattle^ it is, therfore, not intended to refer to pathological 
or symptomatological changes in this disease, but rather to the 
aetiological factor concerned. 

HISTORICAL. 

Keppel and Robinson (1932) report on an outbreak of an 
‘‘ Ulcerative stomutitis ” in cattle on several farms in the Eastern 
Free State and Basutoland. From their description of this disease 
there appears to be no doubt that they were also dealing* with blue- 
tongue in cattle. Keppel and Robinson suggested that the symptoms 
are to some extent reminiscent of three-day-stiffsickness. They 
undertook transmission experiments on a very limited scale, but 
failed to reprodu<*.e the condition. According 1o them, F. A. Verney, 
the Principal Veterinary Officer of Basutoland, emrountered tlie 
disease at least 17 years ago. From evidence gathered from farmers 
there is reason to believe that the disease is not new to South Afri(;a. 

No serious notice was taken of the condition, for usually only 
a single bovine or at the most a few become affected, and such 
animals usually recovered. It was when a differential diagnosis 
became imperative that it received the serious attention of the 
Veterinary Research Division. 

The term Ulcerative stomatitis ” and the less appropriate one 
of Pseiulo-Foot and Mouth disease have been used to describe 
the condition. Farmers in the Free State now refer to the disease 
iis “ secrhek ” (i.e. soie mouth). 

Various theories and suggestions have been advanced by 
veterinarians and farmers as possible explanations for the cause of 
the disease. Ke])pel and Robinson iloc. rit.) mention that the 
stomatitis, described by them, might be a symptom of a general 
sejiticaemia such as may be caused by a filteiable virus. It has been 
put forward that a poisonous plant might be responsible, but in 
view of the occurrence of the disease over a very wide area {ride 
Appendix C), and in localities differing markedly in their floristic 
constitxition, this suggestion may be dismissed. Chemical irritants, 
such as <‘austic soda, carbolic acid preparations, etc., were also 
suggested, but this must also be rxiled out for in many instances 
there was no history of the presence of such chemicals. A specific 
bacterial infection has been thought of. In cases where there was 
a lingual protrusion the disease was confused with lamsiekte (bovine 
liotulism). 

One of the authors (J. (1. B.) whilsl investigating some of these 
c ases in the Standerton area, expressed the opinion that this disease 
was similar to, if not identical with, bluetongue in sheep. 

CLASS OF ANIMALS AFFECTED. 

It would appear from the cases which come under observation 
that all breeds of cattle are susceptible. The disease was observed 
in the Friesland, Afrikander, Shorthorn and Hereford breeds. Age 
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is apparently not an important factor as animals of varying ages 
contracted the disease. It is noteworthy, however, that the disease 
was not encountered in very young calves. In all the cases which 
came under observation the disease occurred in cattle pastured on 
the open veld, Tl was not seen in cattle wlii(di were housed. The 
absence of the disease in calves can probably be accounted for by 
the fact that, under the fairly intensive farming conditions of the 
Transvaal and Free State areas, where this disease was particularly 
prevalent, the calves are usually kept in kraals or stables, parti- 
cularly at night, and are not allowed to run with their mothers. 
In this way they probably escaped the dangers of natural infection. 
The possibility, however, that young calves may be relatively less 
susceptible to the disease than older ones might also account for it’s 
infrequent appearance in very young stock. 

EPIZOOTOLOCY. 

As lias already been mentioned, this disease was oliserved over 
a wide area of the Union during 1933. According to du Toit (1933) 
reports of a similar disease have been received from territories out- 
side of the Union, e.g. Northern Rhodesia. 

During 1933 the outbreaks were encountered during the late 
summer and autumn, and most cases w^ere reported during March 
and April. Kepfiel and Robinson (loc, sif,) also encountered an 
Ulcerati re stomatilis ” during the same time in 1932. As far 
as it known no outbreaks have been noticed during the wintei* months. 
Just as in the case of bluetongue in sheep, further outbreaks aie 
probably arrested by the first frosts. A fairly constant feature of 
the disease in cattle would seem to be that a comparatively small 
number (about 0*5 to 2 per cent.) in a herd become affected, but 
according to a communication received from J. J. Keppel, Senior 
Veterinary Officer of the Free State, the disease may assume alarm- 
ing proportions. He mentions an outbreak where practically all 
the animals in a herd became affected. 

There is no evidence to show^ that the disease can spread by 
contact. Even in instamies where diseased cows were confined with 
tlieir calves in a small stable and where the calves siK^kled or 
attempted to suckle the sore teats, the disease did not spread. 

As in the case of bluetongue of sheep and horsesickiiess the 
outbreaks occur sporadically. It should be mentioned that during 
the 1933 season, when so many outbreaks of this disease in cattle 
were encountered, horsesickness and bluetongue in sheep were ine- 
yalent over a very large area of South Africa and even occurred 
in areas where it was practic.ally unknown before. These two diseases 
actually occurred simultaneously with the disease in (tattle on some 
of the farms where the outbreaks were investigated. 

The same epizootological factors concerned in the occurrence 
of bluetongue of sheep and horsesickness are apparently also opera- 
tive in this disease in cattle. It is, of course, well known that 
horsesickness and bluetongue do not always occur with the same 
severity, nor are the diseases as widespread in some years as in 
others. By analogy it can be inferred that this disease in cattle 
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doewS not occur to the same extent every year, in fact during s<^ine 
years it may actually not even make its appearance. The telluric 
^nditions during 19d3 were probably particularly favourable for 
its occurren(‘e and apparently the same was the case 17 years ago 
when F. A. Verney {vide Appendix C) observed a widespread out- 
break of an apparently similar condition in Basutoland. 

AETIOLOGY. 

Transmission experiments were undertaken with blood from 
twelve cases of this cattle disease in eight different outbreaks on the 
following farms, some of them very widely situated from one 
another : W elgezcgemd , Ktomdraai ^ Darling and Elandslaagte (all 
in the Standerton District), Noiw (Wepener), Onlangs (Frankfort), 
Montague (Smithfield) and Swartland (Northern Potgietersrust). 

The preseiHie of the virus in the blood of the affected cattle was 
ascertained by inoculating normal sheej) and noting the reactions 
which follow’ed. Investigations were also undei taken to determine 
whether calves were susceptible to the virus. The results of these 
transmission ex])eriments are fully described in Ai)pendix A and 
are summarized in ihe following table; — 

Summary of Transmission Experiments. 


Serial 

NTumber 

of 

Experi- 

ment. 

Source of viruH. 

1 

Normal sheep. 

Normal calves. 

No. in- 
oculated. 

Result. 

No. in- 
oculated. 

Result : 
No. of 
reactors. 

No. of 
reactors. 

No. of 
deaths. 

1 (a) 

Welgeze^end — Cattle — Cows. . . 

ir*(^) 

15 

9 

5 

4 

1 (6) 

Welgezogcnd — (battle — Cows. . . 

h 

ti 

4 

16(») 

12 

1 (C) 

VVelgczegend — ("attic — Ox. .... 

16 

16 

6 

3 

3 

k) 

Kromdniai — Cattle 

14 

14(») 

8 

2(*) 

2 

3 

Darling — Cattle 

4 

4 

2 

— 

— 

4 

Elandslaagte — CJattlo 

2 

2 

1 

— 

— 

6 

Novo — Cattle 

4 

4 

1 

— 

— 

6 

Montague — Cattle 

2 

2 

0 

— 

— 

7(«) 

Onlangs — Cattle (Case I) 

6 

0 

0 

— 

— 

7(6) 

Onlangs — Cattle (Case II) 

4 

4 

0 


— 

8(«) 

Swartland — Cattle (Case I) 

2 

0 

0 

j 

— 

8 (6) 

Swartland — Cattle (Case II)... 

4 

0 

0 

— 

— 

9 

Novo — Sheep 

18 

18(») 

3 

— 
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Note. — (1) Does not include two sheep which received an intranasal 
injection of virulent blood and developed no reaction. 

(2) Includes five calves which were injected intranasally 
with a mixture of milk, urine, emulsified necrotic tissue 
and blood from three affected cows. Four out of these 
five calves developed definite reactions. 

(3) Includes one doubtful reaction. 

(4) Vide experiment 10 (<Z). 

(5) Does not include sheep which reacted to cattle strains 
and where a slight reaction again developed to this sheep 
strain, e.g. one animal in experiment 1 (a) {vide table 
of the Summary of the Immunity Tests). 

In the outbreak at Swartland [i.e. experiments 8 {a) and 8 (6)] 
subinoculatious failed to demonstrate the presence of an incitant 
in the blood of two affected cases. It should be mentioned that blood 
was collected from these animals in the final stages of the disease 
and the avirulence of the blood could })robably be attributed to this. 
Even in field outbreaks of bluetongue in sheep, where there is little 
doubt about the diagnosis of the disease, it is not always jmssible to 
recover the virus from every case. 

It would seem advisable to collect blood for experimental 
purposes during the initial stages of the disease, there being more 
certainty of recovering the virus in this way. 

In the outbreak at Onlangs, blood samples were taken from two 
cases. The blood from one animal (an advanced csise) was found to 
be inactive; but that from the other case, which sho'wed the disease 
in the initial stages at the time when the blood sample w^as collected, 
})roved to be virulent. 

The immunity of a number of sheep which had recovered from 
very severe reactions i)roduced by the infective material contained 
in the blood of cattle affected \vith this disease, was tested against 
a virulent bluetongue virus collected from sheep on the farm Novo 
in Wepener district. The virulence of this sample of blood was 
thoroughly tested {vide exjieriment 9). The susceptibility of sheep 
which had been ino<ulated with and had reacted to* Onderstepoort 
bluetongue vaccine strain was also determined. (Virulent bluetongue 
virus becomes attenuated by continuous passage through a number 
of generations in sheep, and it is this attenuated virus which is used 
as a vaccine. The reactions provoked by the vaccine are of an 
abortive nature, i.e. a rise in body temperature occurs after a more 
or less definite incubation period, and in very rare cases a slight 
hyperaemia of the buccal mucosa is noted.) 
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The results of these immunity tests are summarized in the 
following table : — 


Summary of Immunity Test. 


Serial 

Number 

A. — Tests in slieep whi<5h n'eovered fi'om reactions 
produced by various fie'ld strains. 

B. — Tests in sheep which le- 
covered from bluetongue vaceiiu* 
reactions. 

of 

experi- 

ments. 

Strain from whiidi 
sheep recovered. 

Immunity tested 
with. 

No. in- 
oculatt'd 

Result : 
No. 
which 
reacted. 

Immunity tested 
with strain 
from. 

No. in- 
oculated. 

Result : 
No. 
which 
reacted. 

1 {a) 

Welgezegend 
cattle (ex. cows) 

Novo sheep strain 
(natural B. T. 
outbreak) 

4 

1 

Welgezogend 
cattle (ex. 

COW'S) 

1 ^ 

i 

0 

1 (r) 

Welgezegend 
cattle (ex. ox) 

.. 

2 

0 

Welgezegend 
(ex. ox) 

5 

0 

0 

Kromdraai cattle. 


2 

0 

Kromdraai 

cattle 

5 

0 

3 

Darling cattle. . . . 

»» 

2 

0 

Darling cattle.. 

5 

0 

4 

Klandslaagte catth* 

99 99 

1 

0 

— 

— 

— 

5 

Novo cattle 


2 

0 


— 

— 

S 

Montague cattle. . 

” 

2 

0 

- 

_ ■ 

— 

7(«) 

OnlangH — N(‘g. 
reactors (ex. 

Case I) 

>. 

5 

5 

— 

— 

— 

7(h) 

1 Dnlangs cattle (ex. 
Case TI) 

.. 

4 

in 

Onlangs cattle. 

6 

0 

»(«) 

Swartland — Neg. 
reactors (ex. 

(’ase I) 

Wclgezegend cattle 

2 

2 

— 

1 

— 

8(6) 

Swartland — Neg. 
reactors (ex. 

Case II) 

99 99 

2 

2 

— 

— 

— 


Novo sheep virus 

2 

2 




9 

Novo sheep 

Wolgezegend cattle 

1 

0 

Novo sheep. . . . 

5 

2(D 



Kromdraai cattle. 

2 

0 





Note. — (1) A very doubtful reaction. 

(2) A very doubtful reaction. 

(3) The reaction in one of these two sheep was very doubtful 
and consisted only of a rise in temperature. In the other 
case it was of a very mild nature, i.e. rise in temperature 
and slight injection of the buccal mucosa. 
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It is clear that : 

(1) Sheep which had reacted to cattle strains of this infective 
material were immune to virulent bluetongue virus 
obtained from a sheep. Only one breakdown [experiment 
1 («:) ] occurred. 

(2) Sheep immunized wdth blueton^ue vaccine were resistant 
to experimental infection with strains of virus obtained 
from natural outbreaks in this cattle disease and from a 
field outbreak of bluetongue in shee]). Only three break- 
downs occurred in the 29 tested animals and of these two 
reacitions were very doubtful. 

Incidentally these tests a^ain illustrated the hi^?h 
effi(^acy of the Onderstepoort bluetonjyue vaccine. It 
would also appear that as far as the immunology is con- 
cerned no very marked ditferem^e o(‘curs in the various 
field strains, as is, for instance, eiK^ountered in strains 
of the closely analogous disease horsesickness. Where 
reactions occurred in the immunity tests they w^ere of a 
very mild nature in comparison with those in suscej)tible 
sheep. 

(3) Sheep which had reacted to the virulent Novo sheep strain 
of bluetongue (experiment 9), were found to be immune 
to cattle strains. 

(4) In experiments 7 (a), 8 {a) and 8 (b) where no reactions 
w'ere observed with apparently avirulent cattle blood no 
immunity resulted. 

From the results of these investigations the following inferences 
are made : — 

I. That the infective agent present ui the blood of affected^ cattle in 
variovs out breaks of this ‘‘ stoviatitic ” disease is the same as 
the virvs which causes bluet on giie in sheep, for — 

(a) the very characteristic syndrome of bhietongue was 
observed to develop in sheep which were ex})eri mentally 
infected with strains collected from different outbreaks; 

(b) an actual immunity wa^ produced, which .was found to 

he specific : — 

(i) Bluetongue vaccinated sheep were found to be 
immune to various strains; and 

(ii) susceptible sheep, which recovered from the reactions 
I)roduced by virus obtained from cattle, were found 
to be resistant to a tested virulent strain of blue- 
tongue virus recovered from a sheej) in a natural 
outbreak . 

(c) The in-vitro characteristics of the various cattle strains 

are like those known and described for bluetongue virus 
re(*overed from sheep [vide du Toit (1929), Theiler (/oc. 
ctt.)], e.g. they remained active in — 
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(i) (K(\(t. wi.rf'ine (approxiiiuitely in the following pro- 
portion : bl(X)d 50 per cent., glycerine 25 per cent., 
water 25 j)er cent., jmtassium oxalate ^ per cent., 
and carbolic acid per cent.). 

(ii) In a mixture of 50 per cent, blood and 50 per cent. 

glycerine. 

(iii) In de(;om])osed blood. 

II. That this virus is thr cause of this cattle disease , since — 

{a) the presence of the virus could be demonstrated in this 
diseased condition of cattle where, 

(i) the lesions, es[)ecially those noted in the buccal and 
nasal cavities were similar to those observed in 
bluet on gue of sheep, and 

(ii) hisfoloijical examination revealed similar morbid 
changes in tissues of analogous organs in cattle and 
in sheep, 

(h) The epi zootoloffff of the disease is similar in both (*nttle 
and shee]i. 

(c) The suseepfi/nl if p ot cattle was proved in tiansmissioii 
ex])oriments. 


Calves inoculated with virus containing blood developed a per- 
ce]>tible reaction and the virus was again recovered from them. 
A syndrome >Nas observed in these calves which could be closely corre- 
lated with that seen in natural cases f)f this dise.ase in cattle and of 
bluet ongue in sheep. In one case at least (calf 52()d; an exact repro- 
duction of the changes in the mouth and nose and on the muzzle as 
seen in typical natural cases of^Hhe disease in cattle was clearly 
observed; but the reaction was of a comj)aratively mild nature. 

Although the exf)eriments clearly indicate the susceptibility of 
cattle to this virus, it (’an also be concluded that bovines are generally 
far more resistant than sheep, since the reactions ])roduced in the 
experiTiiental (‘alves were not nearly as severe as in the shee]>. It 
would aj)])ear that only a (‘omparatively small number of bovines 
are j)eculiarly susceptible and when such an individual becomes 
infected alarming synij)toms manifest themselves. The fact that 
the disease has hitherto been observed in more or less isolated out- 
breaks and, furthermore, that only a few individuals in such a herd 
usually become aiVected supports this contention. 

The supposition that the cattle which were suffering from this 
stomatitic disease could have been mere carriers of bluetongue virus 
and that this agent may not be the real cause of the disease, may 
be dismissed for the following reasons: — 

(a) From a (onsideration of the facts enumerated under (1) 
and (2) above. 


2 
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(6) As far as is known, this is the first time that bluetongne 
virus has been recovered from blood of veld (field) cattle. 
In this connection it may be mentioned that in numerous 
investigations, for instance, in heartwater, many samples 
of bovine blood collected in the field during all seasons 
of the year, have been inoculated into sheej) and no such 
cattle carriers of bluetongue virus have ever been dis- 
covered. 

The sheep used in the Welgezegend experiments were obtained 
from a flock on a neighl)ouring farm. They appeared healthy when 
introduced into the experiments. The possibility, however, that 
some of these sheep might have been in the inciubation stage of a 
natural bluetongue infection could not be overlooked. The chance 
of such accidental contamination was excluded by keeping a group 
of uninoculated sheep in contact with the experimentally infected 
animals and by repeating some of the tests with original material 
on sheep at Onderstepooif . O)nfirmatory results were obtained with 
other strains where the exi)erimental work was entirely carried out 
under laboratory conditions at Onderstepoort. 

The investigations w'ere designed with the exi)ress purpose of 
establishing the cause of this cattle disease, but at the same time 
interpreting additional information in (‘onnection wilh certain aspects 
of bluetongue were obtained and it will not be irrevelant to mention 
some of these details here: — 

(a) The Pathogenicity of the Vtrvs in Blood Samples, 

It wdll be observed w^hen studying the mortality of the sheej) 
in the various generations of the different strains that in most 
instances the vims proved to be a particularly virulent right from 
the first generation, and a large percentage of infected sheep died. 
In others, e.g. Kromdraai strain, the virus appeared to be less virulent 
when the results of the first generation are considered, but in subse- 
quent ones it ])ioved to be very potent. It is significant that in these 
cases where such mild reactions were observed, the blood samples 
were collected from the cases at a fairly late stage of the disease. It 
would seem as if the pathogenicity of the virus present in samples 
collected from individuals in the recovering stage of the disease is 
probably considerably modified by immune bodies already present 
in the animals. This is borne out by studying the results of Experi- 
ment 10. 

In this experiment it will be noticed that severe reactions 
developed in the first groui) of 5 sheep and 2 animals actually died. 
The bl^d taken on the 14th day after infection from two of the 
recovering animals in this group set up distinct reactions in 4 sheep, 
but none died. On the 28th day after infection a further 4 animals 
were inoculated and now^ only two developed very mild reactions 
whilst the other two did not react at all. However, the latter two 
reacted severely when inoculated with blood collected from the 
original donors on the 9th day after infection. The reactions were 
at their height on that day in those animals. On the 42nd day blood 
was again taken from the two sheep and no reactions could be 
observed in 4 inoculated sheep. 
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This ex])erimeiit (dearly indicates that in these two cases the 
blood became sterile within a period of less than 42 days and that 
the pathogenicity of the virus contained in the blood of the recovering 
animals gradually became modified probably by the immune bodies 
which ai)peared in the blood of the animals. 

(h) The Ptescuce of the Vitus in Foefal Mafertal [vide E.vperiwent 
10 (b)]. 

Two ])regnaiit ewes used in experiment 2 died from the reactions 
and material was collected aseptically from the (X)ntained foetuses. 
In each case two sheep were ino(‘ulated. One foetus was apparently 
slerile, but definite rea(*tions were produced with tlie blood of the 
second foetus. t)n the first occvasion 1 c.c. of this foetal blood was 
inoculated into Iwo shee]) and one develoj)ed a peraciite reaction and 
died, but no reaction (levelo])ed in the other animal. However, when 
5 (i.c. of the same foetal blood was injected a very severe reaction 
was produced. 

It would seem as if the virus was not present in any great con- 
centration in this foetal blood and 1 c.c. was apparently the minimum 
infective dose. 

(c) The Disease ran he T ransniitted Jty Means of an Intranasal 
Injeetion of V i nts^eontaininy Material. 

In the early experiments at WVlgezegend 5 calves re(jeived an 
intranasal injection of susj)ected material and four developed 
definite reactions. The virus was found to be present in the blood 
from one oi the calves | vide experiment 1 (h)]. Subsequently [rn/c 
ex])erimeut 10 ((/) | it uas found tluit sheej) could also be infected in 
this May. 

Investigations on the ])hysical and chemical ])roperties of the 
virus obtained from cattle are at j)resent in ])rogress and these are 
being coni])ared with those of known sln^ej) blut‘tongue strains. 

Addenda m hy H . .4. Ale,rander. 

Transfuissfon of the Virus to Mice^ Nats and Guinea-pigs, 

To facilitate research into the biological propej’ties of 
vii'us an attempt was made to establish the virus in mice, 
rats and guinea-]>igs in the following manner: — 

{a) Mice by the intracerebral and intrajieritoneal routes. 

(b) Hats by the intra(*erebral, intra peritoneal and sub- 
cutaneous routes. 

(r) (luinea-pigs by tlie intracerebral, iiitraj^eritoneal 
and ])lantar ])ad routes. 

As the semree of virus, use was made of virulent blood, 
a virulent emulsion of the early stomatitic lesions of cases 
of “ ])sendo-fooi and mouth ’’ in sheep, as Avell as virulent 
blood of a known laboratory strain of Bluetongue of sheep. 

The results w^ere uniformly negative so that it may be 
comduded that so far all attempts to infect mice, rats and 
guinea-pigs with the strains of the two viruses available 
have been unsuccessful. 
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THE SYMPTOMATOLOGY. 

{a) As Observed in Cattee in Naturae Outbreaks. 

Aceordiuj? to the course and the development of the disease the 
cases may be considered as: (1) typical and (2) atypical. 

(J) Typical Ca.^e.^i. 

The vsual history presented by the owners . — The atfected cattle 
are noticed to stop ^^razing* and do not im)ve about with the lest 
of the herd. Marked stiffness and lameness are observed. At this 
stage the disease is not regarded seriously. The owners suspect 
either three~day-‘stiffsic1x’ne.^,*i or a vagTie diagnosis of galUickness 
it attempted. About two or three days later, however, slight froth- 
ing from the mouth and even salivation is seen and in quite a 
number of cases the tongues protrude prominently. It is at this 
stage that attention is directed to the condition of the mouth and 
redness and soreness of the buccal mucosa is dis<‘overed. Foot and 
mouth disease is immediately suspected and the presence of the 
condition reported as such. 

For convenience the symptoms will be described under various 
headings. 

Hahitns . — In most (*ases the animals are to he found lying dowui 
and those still standing show’ little imdination to move. When 
forced to move the sick cattle are noticed to be distinctly lame and 
stiff. No attempt is made to teed and rumination is in abeyaiu'e. 
Frequently chewdng movements and grinding of the teeth is 
observed. 

There is a rapid loss of condition, and in lactating cows a 
marked reduction in milk yield takes place. Sometimes this loss 
in milk is the first symptom of malaise t\oted by the owners. 

The temperature . — In the early stages a high temperature is 
usually present. The temperature appaiently soon becumes normal 
or only slightly elevated in the stage when the mouth lesions are 
well developed (this is also the (*ase in sheep). It is at this stage 
that field cases are usually reported, and the temperature is there- 
fore not of much value for diagnostic purposes. 

The symptoms and. lesions in the buccal and- nasal cavities . — 
These are most important, and it is proposed to describe them in 
detail. 

Frothing at the mouth is frequently evident and becomes pro- 
nounced after manipulation for the purpose of examination {vide 
Figs. 1 and 2). 

Sometimes salivation may be noted and this is esjiecially 
marked in cases where the tongues protrude. 

The lesions in the buccal and nasal cavities are essentially those 
which are due to a hyperaemia of the mucosa and a localized 
inflammation with necrosis of the mucous membrane. 
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In comparatively mild cases ihe iinpij>’mented portions of the 
mii(;osa aie reddened and superficial lesions of a localized stomatitis 
with necrosis are to 1)p found on the dental pad, borders of the lips, 
ventral aspect of the apical portion of the tongue, etc. These lesions 
are not very well defined, and their borders gradually merge through 
a hyi)eraemic zone into the normal mucosa. The lesions present the 
following appearance — the epithelium has a yellowish colour and 
is usually still partially attacdied to the underlying tissues giving 
an impression of a membranous deposit. Where the epithelium is 
detaclied the underlying tissues are reddened and bleed easily. 



Fig, 1. 

Onlangs Casa: Note frothing and salivation and dried iniieus on nostrils, etc., 

and catarrh of eyes. 

In the more scrrrelj/ affected cases these lesions are more exten- 
sive. The lips, muzzle, external nares, tongue, dental pad, conical 
pai)illae of the cheeks, etc., are all involved. A marked reddening 
of the unpigmented portions of the buccal mucosa is seen, this is 
particularly marked where actual lesions ociuir. On i)igmented areas 
the necrosis presents a dirty greyish appearance. 

At this stage there is usually a fairly copious nasal discharge 
which may be catarrhal, inuco-puruleut and even muco-haenior- 
rhagic. Presumably on account of the painful condition of the 
tongue and mouth little attempt is made to clean the nostrils with 
the result that the nasal discharge dries on the surfaces of the 
external nares {vide Fig. 3). 


405 



ilCCURRENCE AND IDENTIFICATION OF BLUETONGUE IN CATTLE. 



Fig. 2. 

Onlanns Caac: Note frothing at the month and incrustationH on muzzle. 



Fig. 3. 

Oftlangs Casv,: Note extensive excoriations and incrustations on muzzle, lips, 
and dried nasal discharge on external nares. 
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The lips are swollen and the skin of lij^htly pigmented areas 
reddened. Necrotic* lesions develop along their borders and on 
inner surfaces. These lesions are particularly evident on the areas 
immediately opposite the incisor teeth (vide Fig. 4). 




Fig. 4. 

Ncfrotic lesions on lower lips. 

(a) Ahuvr : In a natural cattle case, note impressions of incisor teeth, 

(h) Below: In an experimental sheep case (Sheep 8, Expt. 1b). Note lesions 
opposite lateral incissors. 


The tongue is swollen and ]ed. In some cases it is even bluish 
(cyanotic*) in c-olour. It may be enlarged to such an extent that 
it pre^trudes from the mouth and 7 or 8 inches of the organ may 
be exposed. This protruded j)ortion becomes dry. The tongue 
appears to be partially i)aralyzed in such instances siime it cannot 
be properly held in its normal j)()sition. Tht‘ lingual papillae are 
dark red in colour and on the ventral surface of the apical portion 
extensive necrotic lesions aie usually to be found (vide Figs. 5 
and C). 

In some cases the mucosa along the frenum linguae only is 
affected and such lesions are usually linear in shape. 

Deep seated and extensive necrotic lesions may be present on 
the tongues of some individuals. These lesions are usually found 
on the dorsal and lateral aspects of the middle portion. 
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Fig. o. 

Onlang^ fVisr • Note exteiisi\(* neciotu* lesion on \ential asjx'ct oi tongue. 



Fig. 6. 

Novo Case: Necrotie lesion on ventrnl surface of tongue in stage of healing. 
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When the necrosis on the dental pad is extensive, it is usually 
confluent with similar lesions on the upper lip. The injured mucosa 
has a distinct grooved appearance at the junction of the lip and pad. 

Lesions are sometimes evident on the gums and these are usually 
present on the floor of the mouth just jjosterior 1o the incisor teeth. 

Where such extensive mouth changes are present the odour of 
the breath is very offensive. 

Healing commences after about 8 or 4 days. The muzzle now 
becomes covered with a thick scab, which subsequently peels off 
leaving a clean and fresh looking surface without formation of 
cicatrices. The lesion on the ventral surface of the tongue takes 
somewhat longer to heal. In the later stages a jieculiar wrinkled 
appearam e is noticeable {vide Fig. 7). 



Fig. 7. 

Montague Case: Necrotic lesion along the freniim linguae in advanced stage 

of healing. 

The deep seated necrotic ulcers on the tongue take a longer 
time to heal and all the i)rocesses of repair cun bo followed. 

The teat and 'udder symptoms , — Lesions of the teats are only 
observed in cows which were actually in milk. 

The teats become markedly inflamed and where pigmentation 
is light or absent, they are dark red in colour. The surfaces are 
raw and any handling is intensely resented. After a few- days a 
hard and fairly thick scab is formed and this in time peels off 
in toto like the finger of a glove. The newly formed epithelium 
then has a fresh and clean appearance. 
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Small localised skin lesions are sometimes found on the udder. 
These lesions are usually about 1 cm. in diameter and are covered 
with a soft yellow scab, which, when removed leaves a moist surface 
and a slight reddening of the underlying tissues. The entire skin 
of the udder is sometimes involved in an extensive dermatitis. These 
extensive skin changes will be described under the next heading. 



Fig. 8. 

Montague Case: Sloughing of epidermis underneath the tail, etc. 


The skin changes . — Skin lesions ifre usually observed in severe 
leactions. In mild affeelions they may be entirely abseni or localized 
to the thinner i>ortions, e.g. in the flunks, at the root of the tail, 
on the udder, etc. {vide Fig. 8). 

During the early stages symptoms of an acute dermatitis are 
present. The skin is reddened on the unpigmented portions. It 
appears swollen and is painful, especially along the back. A small 
amount of straw coloured exudative material cjollects on the surface. 
This exudate dries and the basal portions of the hairs become matted 
together. Soon hard crusts and scabs are formed. The hardened 
condition in this stage resembles the condition of the skin observed 
in the later stages of sweating sickness of calves .vide du Toit, 1923.) 

A distinct photosensitivity becomes evident and such affected 
animals are usually found sheltering underneath trees or in the 
shade of a wall or a shed. When driven out of such places they imme- 
diately seek another shady locality. The scabs are at first firmly 
adherent, and if forcibly removed the underlying tissues are found 
to be moist and bleed easily. Healing progresses and later these 
scabs peel off. The hair comes away with the desquamated 
epidermis. 
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In the severe reactions the dermatitis is fairly a‘eneralized (rule 
Figs, 9, 10, 11). 



Fig. 9. 

Kromdraai Case: lOxtcnsive cltMiiiatitis followed by Jiardening of the skin and 

the formation of scabs. 
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Fig. 10. 

JSiromdraai Case : Extensive skin lesions on udder, etc. 
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Fig. 11. 

Kiomdraai <Visp; the iormation of crust's and scabs on skin of muzzle. 
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It will be noticed that a lesion in the case at Monta^^ue {vide 
Fig, 12) is confined to an unpigmented portion of skin of the upper 
portion of the flank. 



Pig. 12. 

Novo Case: Skin Jesions (*onfined to an unpigmented portion of the skin. 


The feet lesions , — It liub been inenlioned that lameness and 
stiffness are usually the first symptoms which become evident. On 
examination the lower jmrtions of the limbs are found to be swollen, 
the s’welling usually extends irom the coronet to the fetlock and all 
four feet are affected to the same extent. In some cases the swelling 
may extend to the knees and hocks. The skin, particularly on the 
plantar surface in the region ot the accessory digits is reddened and 
a small amount of straw -colmired exudate is usually piesent on the 
surface. 


In a number of cases an excoriation of the e])ideimis in the 
interdigital space was observed. In such instances partially de- 
tached epiderinis may still be found to be adherent to the excoriated 
areas and this may convey the impression of a recently ruptured 
vesicle. 

Usually the hyperaemia and swelling of the skin disappears 
without further (hanges, but frequently the dermatitis progresses 
and later lesions develo}) on the skin of the digit similar to that 
described in other regions. 
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Rarely {vi(Je Fig^. a separation of the claws alon^v the 

coronary bands becomes evident. In su(;h cases the anterior portion 
of the interdi^ital sj)ace present a raw and granulating surface. It 



Fit!, l;^. 

Vcrf>(y<i€n Case: Note fissures at the coronets. 


would upjiear that this type of lesion is apt to develoji in cases which 
are forcibly ualked during the acute stages. This lesion would 
appear to be due to a <*oronitis, as is observed in sheep. 

According to a report received from a farmer {vide Appendix 
C), exunguiation may occur. 

Eye Icnians , — Usually no eye lesions are noted, but in some 
instances a slight watery discdiarge may be present which later 
becomes catarrhal. 


(2) Atypical Cases. 

(a) ("ases resembling tliree-day-stiff sickness. — Kepj^el and 
Robinson {loc. at) state that the symptoms noted in their “ ulcera- 
tive stomatitis ” to some extent resembled three-day-stiftsickness. 
Further in an outbreak at Oiidehoutsdraai, Volksrust {vide Appendix 
C) Williams and Dickson encountered two typical cases of this 
disease. In this particular herd several more animals were observed 
which, according to them, were showing symptoms of three-day- 
.stijffsickness. They did not find any mouth lesions in these eases, 
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It would seem very probable tbat such cases of so-called 
stiffsicknesB ” could be due to the same cause, i.e. bluetongue 
virus. The only symptom of a reaction which became evident, was 
a rise in temperature and stilfness. These cases may be compared 
with the abortive ” reactions commonly noted in sheep, where 
the only indication of a reaction is an elevation in body ^temperature. 

(6) Peracute reactions . — Only one instance of a fatal peracute 
reaction in cattle came to our notice. The symptoms observed in 
this case are fully described in Apjiendix A (experiment 4). 

This animal died wuthin three days after the first symptoms 
became obvious. 

The following changes are of interest and importance with 
regard to the symptoms and lesions which may be noticed in such 
a peracute reaction: — 



. Fk3 34. 

Eland slaagte Case: Necrotic lesions on gingiva (peracute reaction). 

(1) The marked hyperaemia, and the presence of numerous 
l)eteehiae and ecchymoses in all the visible mucosae, e.g. 
of the nostrils, lips, hard palate, tongue, clieeks and 
conjunctiva. 

(2) The marked muco-haemorrhagic nasal discharge and 

slight epistaxis. 

(3) Superficial localized inflammation with necrosis on the 
buccal mucosa, e.g. on the gingiva (vide Fig. 14), dental 
pad, hard palate, etc. 

(4) The swelling of the vagina (vide Fig, 15), and the marked 
hyperaemia of the vaginal mucosa with numerous pete- 
chiae and ecchymoses. 
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1 


i 


Fig, 15. 

Elandslaagfe Case: Swelling of vagina and skin lesions (peraeute reaction). 

(5) The swelling* of the lower portion of the liinhs. 

(6) The presence of superficial skin lesions {ride Fig*. 16). 



Fig. 16, 

Elandslaagte Case: Skin lesions on metatarsal region (peracute reaction). 
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(6) As Obsebved in the Experimentally Infected Calves. 

A considerable number of calves were used in the transmission 
experiments {vide Appendix A). In some of these no perceptible 
reactions could be ascertained, but in the majority definite and con- 
stant changes were observed. These reactions were mild in com- 
parison with the very severe symptoms and lesions seen in natural 
infec tions, but were sufficiejitly evident to enable one to conclude 
that tlie calves reacted to the virus. 

The first symi)tom usually noted is a rise in body temperature 
wlu<*h is, of (*ourse, indicative of a general or systemic reaction. 
A number of representative temperature charts are included 
(Appendix D) and may be referred to {vide Charts VIII to XI). 
There is an incubation period of from two to three days. 

With the rise in temperature lesions appear with constant regu- 
laiity on the buccal mucosa. They were found to be usually con- 
fined to the mucosa of the upper and lower lips. These lesions 
commence as small raised areas, about the size of a millet seed. 
Their centres have usually a yellow colour and the surrounding 
tissues are slightly injected. Soon the epithelium appears to become 
destroyed and excoriations result. These excoriated areas can 
become quite extensive {vide Fig. 17). 



Fig. 17. 

Calf No. 5407 : Lesions on the lips observed in transmission experiments 

in calfs. 

Frequently the loosened epithelium is still partially attached 
to the borders of the lesions, which resemble recently ruptured 
vesicles. It should be noted, however, that the formation of actual 
vesicles was never observed. The lesions have an irregular shape 
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and may be longitudinal, circular, oval, etc. They occur with 
marked reguJarity opposite tJie lateral incisors on the inner surface 
of the lower lips, but are also frequently seen on the borders of the 
lips and at the commissures of the mouths. 

In a few instances such lesions developed without any notice- 
able rise in body temx3erature. 

The nasal mu<‘osa was sometimes also involved and the excoria- 
tions were usually i)resent on the septum nasi. In these cases a 
slight catarrhal nasal discharge was evideni. The lesions iisually 
persist for about four or five days. Healing then commences and 
after about 10 days they disappear completely. 

In several instames hyperaemic areas weie seen on the hard 
palate and iji a few a distinct diffuse injection of the mucosa of the 
lips, cheeks, etc\, become noticeable. This was particularly evident 
in calf 52()8 [ ride experiment 1 The hyperaemia of the buccal 

mucosa was first noticed six days aftei the day of imx iilation . On 
the next day the lower liji a[)peared swollen and reddened with a 
few ])etechiae. In addtion the apical ])ortion of the tongue was 
reddened and a few of the ])a pill ae distinctly enlaiged and dark 
red. The ventral smface of this jiart of tlie tongue was excoriated 
in seviual small areas where tlie underlying tissues had a sliglitly 
granulated a])pearance. Excoriations and numerous pete(‘hiae were 
also noted on the bordeis of the H])s. Seveial of the conical ])apillae 
of the lips and (dieeks appeared enlaiged and reddened while the 
ti])s \\ere yellowish grey. The })ictine of the mouth as seen in this 
calf resembled that of (y])ical (uses in natural outbreaks of a mild 
nat lire. 


Several of the exjierimental calves became visibly ill. They 
stopped feiMling and lay down fretjuently. Fairly extensive ulcers 
develo})ed on the tongues of a fe\y of these experimentally infected 
calves {ride l^h’gures 28 and 29). 

In one l alf | No. 10 of experiment I (?;)] a marked dyspnoea 
develo])ed on tlie 12th day after infection. The animal was 
destroyed and very extensive necrosis and ulcers were found on 
the lateral asjiect of the tongue and in the larynx. Similar lesions 
were noted in some of the experimentally infected sheep. 

No feet or skin lesions were observed in any of these calves. 

(r) As (JitsEKVED IN Expekimen'I'Ali.y Infei'I'E!) Sheep. 

The sheep used iu the transmission experiments were kept under 
very close observation and provided suitable material for studying 
the (‘ourse and symptoms of the disease in sheej). Spreull {lor. cit.) 
and Theiler (19()5) have described the synqitoms of bluetongue in 
sheep in fair detail and our observations on the reactions produced 
by virus recovered from cattle do not materially differ from theirs. 
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The incvhatioTi period after artificial infection, — This was found 
to vary considerably as will be evident from an analysis of the 
incubation periods of the following* 66 cases: — 


No. of days after inoculation. 

1. 


3. 




■ 

8. 


10. 

A. — Sheep infected with 
virus recovered from 
cattle. No. of cases 

1 

7 

9 

6 

9 

8 

6 

1 

1 

1 

B. Sheep infected with 
virus recovered from 
sheep. No. of cases. . . 

•— 

1 

1 

3 

1 

7 

4 

1 

1 

— 

— 


It will be noticed lhat the incubation period may be as short 
as one day and may be delayed for ns long as 10 days. The onset 
of a reaction is usually indicaied by a rise in temperature, but 
occavsionally an injection of the mucosa of the lips and sliglit froth- 
ing at the mouth become noticeable before tlie temperature rises. 

The Tcinperafutc . — (Jenerally the temperature rises gradually 
and the acme is reached after three or four days, but sometimes a 
very sudden pronounc'ed rise takes ])lace, and in such instances 
the acme may be reached within 24 hours. The fever is usually of 
a rant i trued type, lasting for 6 or 7 days, but tempera! me reactions 
of a distinct i ntcrmittenf type are quite commonly noted. In such 
cases the period of apyrexia does not usually last longer than from 
24 to il() hours. In a vsniall x)ercentage of cases tlie tem})erature 
reaction is of very short duration, in fact some of them may be 
regarded as ephertwral. 

In a few cavses severe clini(*al reactions were observed without 
the occurrence of a rise in body temperature. Such reactions may 
be considered as afebrile, 

Tyi)ical temperature charts are included (vide Appendix D, 
Charts I to VII). 

The //(fhit/us , — In the early stages only slight disturbances can 
be observed. The sheep usually stop feeding and ruminating. They 
lie down frequently and peculiar cliewing and. licking movements 
become noticeable. After the rise in temj>erature dyspnoea becomes 
fairly evident and the nostrils are dilated. As the reaction pro- 
gresses dullness becomes evident; the head hangs down and the 
ears droop. When the temperature is very high the animals drink 
water freciuently. In severe reactions the sheep lie down con- 
tinuously and assume the attitude noted in Fig. 18. 

The lesions and syniptonis in the mouth and nose , — An injection 
of the mucosa is usually seen soon after the commencement of the 
temperature. The hyperaemia is particularly noticeable on the 
inside of the lips which assume a cherry-red colour. The redness 
may extend to the skin and the lips and nose becomes distinctly 
pink. The lips now become sw’ollen and in some cases even 
oedematous {vide Fig, 19). 
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Fig. 18. 

Sheep 37812. C'liaiaotensiic attitude assumed during severe acute stage. 



Fig. 19. 

Sheep 37812; Marked swelling (oedema) of lower portion oi the head. 
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The nostrils and muzzle are at first dry, but a catarrhal dis- 
charge soon develops. This usually changes to inuco-haeigLorrhagic. 
When the discharge dries, thick incrustations are formed at the nasal 
orifices, and these interfere considerably with breathing. 

The mouth is now extremely painful and handling is resented. 

Petechiae and ecchymoses now become noticeable on the buccal 
mucosa and are jmrticularly evident on the lips, tongue, nose, palate, 
dental pad and cheeks. 

The petechial stage is soon followed by the appearance of 
excoriations of the mucosa. These lesions are usually localized and 
vary in extent. They occur regularly on the following sites : borders 
of the lips; on the inner surfaces of the lij^s ojjposite the lateral 
incisors (c.f. in ex])erimentally infected calves); at the commissures 
of the mouth; on the ventral surface of the tongue (particularly 
along the frenum linguae) ; the dental pad ; on the gums (especially 
on the portion posterior to the incisor teeth); on the lateral surfaces 
of the medial portion of the tongue and inside the cheeks o})posile 
the molar teeth. The conical papillae of the lips also ])ecome red 
and the tips assume a greyish -yellow colour. At this stage a cyanosis 
usually becomes evident. 



Fig. 20. 

Sheep 37328: Lesions on lips, muzzle and nose. Note slight cattarhal 

discharge eyes. 

The typical blue condition of the tongue from which the name 
of the disease is derived, is seen when the following changes are 
present in this organ : swelling, hyperaemia and cyanosis, petechiae 
and ecchymoses and the initial stages of an inflammation of the 
mucous membrane. Sometimes the tongue becomes markedly swollen 
and in such cases an oedema of the subcutis is usually also evident. 
The skin of the nostrils, lips and muzzle also becomes excoriated and 
scabs are formed {vide Fig, 20); when the encrusted discharge from 
the nostrils or the scabs covering the excoriated lesions are forcibly 
removed the underlying tissues present a granulated apj>earance. 
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When the mouth is manipulated, bleeding,'- from the injured 
buccal mucosa can be easily provoked. When these lesions are 
present, the breath is foetid. When recovery sets in, the injured 
mucosa heals fairly rapidly, but fairly deep-seated ulcers may 
develop on the tongue and these take a considerable time to heal 
{vide nigs. 27 and 29). 

Skin Lestans . — The skin of the lips and muzzle is usually injected, 
but frequently a redness of the ears and at the bases of 'the horns 
becomes noticeable and in a few instances the entire skin is somewhat 
flushed. 

^ Changes in the Eyes . — -The conjunctiva sometimes becomes 
slig'htly affected and petechiae and eccliymoses are occasionally 
noted. Slight lachrymation is seen in such cases and in the later 
stages a small amount of catarrhal discharge may be pre.sent. 



Fm. 21. 

Sheep .‘37071: Partial oxiiiigulation of claws (three months after infection). 

The vagina usually becomevS swollen and reddened willi petechiae 
and ecchymoses. Frecjuently the borders assume a daik bluish-red 
colour and later excoriations may even develop. 

The Feet Lesions . — On about the 9th to the 12th day after the 
onset of the reaction a marked coronitis develo])s. The claws first 
become hot and soon the coronary bands assume a dark red colour. 
This redness usually extends to the bulbs. The coronitis may persist 
for about a week, but frequently it disappears after a few days. The 
feet lesions usually develop after the temperature has subsided and 
when the mouth lesions have begun to heal. The animal lies down 
frequently and when forced to walk the gait is distinctly laminitic. 
No instances of complete exungulation were noticed, but in several 
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instances deep grooves (partial exiingiilation) became noticeable 
{vide Fig. 21) on the claws. These feet lesions were noted in about 
50 per cent, of the cases. 

Henning {loc, rit,) states that one, two or three, or all feet may 
become affected and, according to this author, a correlation is said 
to exist between the severity of the feet and mouth lesions, he makes 
the following statement: Sometimes the feet of animals suffering 

from a comparatively mild attack of bluetongue become seriously 
affected, whereas the feet are seldom badly inflamed in those cases 
where extensive mouth lesions have developed This phenomenon 
was not observed in these experimental cases and furthermore when 
a coronitis developed all four feet were found to be affe(*ted to the 
same extent. 

Apart from the cessation of feetling and rumination no other 
serious digestive disturbances became manifest in the majority of 
cases. In a few instances^ however, diarrhoea developed shortly 
before death. 



Fic. 22. 

Sheep 37085: Torticollis, a ’symptom frequently observed in severe reactions. 

There is a rapid loss of condition and it takes a considerable 
time for the sheep to recover the loss of flesh. In a number of 
cases marked debility followed the reaction and some of the animals 
became so weak that they had to be destroyed. The mouth and feet 
lesions had by this time f^ompletely healed. [In several cases a 
marked torticollis developed prior to death {vide Pig. 22.] 

Freciuently a swelling (oedema) of the head and neck developed 
and the condition was not unlike that noticed in dikkop horsesickness. 
In these cases a further complicating vsymptom w^as the discharge 
of ingesta through the nostrils {vide Fig. 23). Presumably this is 
due to a paresis of the oesophasus. Theiler (1918) describes such a 
complication in borsesickneM* 
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The foil owi fig stages in the course of the disease can he dis- 
tinguished : — 

Firstly, an elevation <)f body temperature, wliich is followed in 
a day or tw'o by a swelling* of the lij)s and rechiess of the buccal 
mucosa. Petechiae and ecchymovses now aj)])ear, io be followed vsoon 
by a localized inflamniation, necrosis, and excoriation of the mucosa. 

During’ tlie sta<*e of severe moutli lesions the tein])erature com- 
mences to drop. After about the 10th day following' the onset of the 
reaction the coronitis a])])ears. 



Fic. 23. 

Sheep 37328: Note lesions on lips and muzzle, also a marked discharge of mucus 
and ingt'sta from nostrils and oedema of head. 


The almve (‘ourse may at any stag'e be interrupted by either 
recovery or death. Thus in some sheej) a hyperaemia of the buccal 
mucosa may be the cmly clinical condition that becomes perce])tible, 
w’^hilst in others localized in flammatory lesions with necrosis also 
become evident, but no feet lesions develoj). The experimentally 
infected sheep died at irrep^ular intervals after the date of infection 
as is indicated in the followino' table: — 


No. of days after inoculation 

5 

1 

6 

7 

8 

9 

10 

n 

12 

13 

14 

16 

17 

18 

19 

20 1 

21 

No. of sheep which died on 
this day 

— 

2 

3 

— 

2 

1 

1 

3 

5 

3 

1 

1 

3 

— 

1 

— 
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It is possible to distinguish : — 

(a) Peracvte reactions^ where the reaction ceases (either by 
death or recovery) with hyperaemia or petechiae; 

(b) acute reactions, where the reaction resolves itself into a 
localized inflammation with necrosis of the buccal mucous 
membrane, the animal either dying or recovering in this 
stage ; 

(c) subam/te, where a coronitis develo})B, or where the animals 
become very debilitated and may even die. 

In these later stages a paresis of the oesophagus and 
the formation of extensive oedema frequently becomes 
evident. 


Partial or coinjilete shedding of the wool was observed to occur 
in a few of the experimental animals. This may be considered a 
sequel of the reactions and such a shedding of the wool is also seen 
in field outbreaks of bluetongue. 


(d) A Comparison of the Symptoms in Cattle and 5heep. 


With reference to: 

In cattle as seen in 
natural outbreaks. 

In experimentally 
infected calves. 

In experimentally 
infected sheep. 

The incubation period 

Not known 

About 4 days 

\'aries considerably^ 
but usually about 
4-6 days. May be 
as short as 24 houra 
and as long as 10 
days. 

The temperature. . . . 

Temperature of more 
than 106® F found 
in several cases. 
Most. cases, how- 
ever, came under 
observation in the 
later stages, when 
the mouth lesions 
are well developed 
and temperature 
had apparently al- 
ready subsided 

Definite temperature 
reactions observed 
in many cases. A 
maximum tern-, 
perature of 106® P 
recorded in several 
instances. In 

some of the calves 
no serious distui- 
bance in body tem- 
perature noted 

Temperature reaction 
a very constant and 
usual feature of the 
reactions. Oc- 
casionally an afe- 
brile reaction en- 
countered. 

Stiffness, lameness, 
and swelling of ‘ 
lower parts of the 
limbs in the early 
stages 

A feature observed 
in the majority of 
cases. Sometimes 
the first symptom 
noted by the 
owners 

Not observed 

Not observed. 
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With reference to: 

In cattle as seen in 
natural outbreaks. 

In experimentally 
infected calves. 

In experimentally 
infected sheep. 

The oral changes 

I 

Consist essentially of 
a hyporaemia of 
the mucosa and 
localized infiam- 
m ition with nec- 
rosis of the mucous 
membrane. Par- 
ticularly evident 
on the following 
sites : uj)per and 
lower lips ; gums 
and dental pad ; 
tongue (especially 
on the ventral sur- 
face of apex); muz- 
zle and external 
nares. In one case 
(considered as a 
peracute reaction) 
peteehiae and ee- 
chynioses ]ir<‘domi- 
nated 

Hyperaemia was 

generally localized, 
but in a few cases 
diffuse hyperaemia 
of the buccal mu- 
cosa noted. 
Usually localized 
excoriations de- 
velop on the inner 
surface of the lips. 
On the lower lip 
these lesions ap- 
peared with mark- 
ed reguhirity op- 
posite to the lateral 
incisors. In one 

case a re-produe- 
tion of the changes 
in natural out- 
breaks in cattle 
Avas reproduced 
but of a mild 
nature 

These changes com- 
mence with a 

diffuse hyperaemia 
of the buccal mu- 
cosa, especially of 
the lips. The 

hyperaemic stage 
is soon followed by 
the appearance of 
peteehiae and ec- 
chymoses and soon 
excoriations and 
necrosis of the 
mutfous membrane 
develop. These 

lesions are particu- 
larly evident on the 
following sites : 

lips, tongue (espe- 
cially along the* 
freniim linguae), 

inside of cheeks, 
dental pad, gums, 
muzzle, and ex- 
ternal nares. 

Deep sedated necrotic 
iilcei's on the 
tongue 

i 

Such iiecrotK* tilceis 
W(*r(‘ very marked 
in two of the cases 
encountered on the i 
farm Welgezegeiid j 

1 

i 

ObscrA’ed in at least 
two expeiimental 
eases 

Observed in several 
sheep and here it 
can be definitely 
stated that these 
ulcers developed 

from the usual 
superficial necrotic 
process. 


Discharge from nos- 
trils and subse- 
quent incrustation 

1 The discharge usually 
[ mucoid or muco- 

purulent, and 
marked encrusta- 
tions formed. A 
muco-haemoi rhagic 
discharge observed 
in one case 

A waU'iy discharge, 
sometines slightly 
mucoid noted in 
several cases 

The discharge is first 
nnicfud hut soon 
becomes muco - 

haemorrhagic. In 
a few cases ingesta 
passed through the 
nostrils. Marked 

formation of in- 
crustations. 

Salivation 

Very marked in cases 
where tongue pro- 
trudes. Marked 

frothing and slight 
salivation is a 
usual feature 

Slight frothing ob- 
served in one or 
two cases 

Frothing at the mouth 
common symptom, 
especially in early 
stages. 

Discharge from the 
eyes 

A slight catarrhal 
discharge noted in 
a few cases 

A watery discharge 
(lachr ymat ion) 
seen in a few 

Watery discharge ob- 
served in some 
cases with a ten- 
dency to becxime 
catai’rhal in later 
stages. 
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With reference to: 

In caUle as seen in 
natural outbreaks. 

In experimentally 
infected calves. 

In experimentally 
infected sheep. 

Teat lesions 

Regularly observed 
in lactating cows. 
The teat lesions 
consist of marked 
reddening of the 
skin, destruction 
of the epidermis 
and later the for- 
mation of hard 
scabs 

Not observed, but 
suitable animals 
not available 

Not observed. Note : 
Only two ewes in 
milk inoculated* 

but unfortunately 
both developed per- 
acute fatal re- 
actions. 

Localized skin lesions 
on the udder 

Noted in a few lae- 
tating cows. Le- 
sions about 1 cm. 
in diameter, cover- 
ed with yellow scab 
and the underlying 
tissues slightly red 
or moist 

Not observed 

Not observed. 

General skin lesions 

Very marked skin 
lesions, either lo- 
calized to thinner 
portions of the 
skin, or diffuse and 
general, a common, 
although not con- 
stant symptom. 
These skin lesions 
develop in the later 
stages and consist 
of reddening, slight 
exudation, later a 
hardening and for- 
mation of crusts, 
which in course of 
time sloughs off, 
the hair also com- 
ing away 

Not observed 

* 

A reddening of the 
skin of lips and nose 
frequently observed. 
Some times also of 
the ears and in rare 
casc‘8 the entire 
skin becomes 
flushed. Shedding 
of the wool as a 
sequel. 

The vulva 

Swelling of the vulva 
with jietechiae and 
ocohymoses ob- 
served in one case 

Not observed 

Swelling of the vulva 
with necrotic 
changes on the bor- 
' dors and peteobiae 
and ecchymoses in 
the mucosa com- 
monly observed. 

Oedema of subcutis 

According to Robin- 
son and Keppel 
(foe. cit,) a swelling 
of the neck was 
observed in one of 
their cases. A case 
at Elandslaagte 
showed a distinct 
swelling of the 
lower portion of 
the head 

1 

Not observed 

Very extensive sub- 
cutaneous oedema 
of the head and 
neck observed in 
several animals. In 
these oases a 
“ paralysis of the 
oesophagus fre- 

quently ensued. 
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With reference to : 

In cattle as seen in 
natural outbreaks. 

In experimentally 
infected calves. 

In exiKjrimentally 
infected sheep. 

Swelling of the 
tongue 

Very marked in 
several cases which 
results in a pro- 
trusion of the ton- 
gue from the mouth 

Not observed 

Extensive swellintr of 
the tongue seen in 
several cases, but 
actual protrusion of 
the tongue not very 
evident. 

Torticollis 

Not observed 

Not observed 

Fairly frequent symp- 
tom generally 

noticed some hours 
before death. 

Intestinal distur- 
bances 

Not observed 

Not observed 

Diarrhoea observed 
in a few instances. 

Claws 

In one case a distinct 
separation of the 
skill and claw of 
the coronets was 
observed. In this 
ease all four feet 
were affected. 
Whether this was 
preceded by a 
hyperaemia of the 
coronets (a very 
oharact<*ri8tic 
symptom in sheep 
in the later stages) 
is difficult to say. 
In several cases an 
excoriation of the 
epidermis in the 
intcrdigital space 
was seen. (Note : ! 
exungulation has | 
been reported by a ' 
farmer, vide Ap- 
pendix C) 

No changes observed 

A hyperaemia and an 
acute inflammation 
of the coronets de- 
velopes 12-14 days 
after infection. The 
coi'onets become 

dark red in colour 
and the redness 
extends to the 
bulbs. The ani- 
mals become very 
lame. Partial 

exungulation was 
observed. 

Debility in the later 
stages 

Noted in a few eases. 
8ueh animals were 
found in a mori- 
bund condition 

and destroyed 

Not seen 

Noted in several 
cases. 


PATHOLOGY. 

In Appendix B a siimniary will be found of the most important 
macroscopical and microsropical clianf»es observed in the natural 
cattle cases killed for posl-mortein examination and in the 
experimental sheep cases which died or were killed during? different 
staf?es of the disease. An attempt will be made to classify the 
characteristic patholo|2rical changes in the different organs, and to 
compare these with the observations of former investigators (Theiler 
and Spreull). 

Localized hyperaemia of an active type or diffuse hyperaemia 
of a venous nature was seen in the skin, especially on the teats of 
the udder, the tongue, lips, rumen (including the oesophageal 
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^^roove), reticulum, omasum, abomasum, large and small intestines, 
larynx, trachea, pharynx, myocardium, kidneys, liver, nasal mucous 
membrane. It was significant how seldom tne spleen was affected 
in the experimental cases. Where tumour splenis occurred it was 
usually associated with a complication (e.g. a sequel of perforation 
of the rectum). It was only in the later stages of tbe disease that 
hyperaemia and inflammation of the coronets revealed themselves. 

Multiple haemorrhages varying from petechiae to suggillations 
occurred frequently in connection with the skin, the lips, the mucous 
membrane of the lips, tongue, dental pad, buccal cavity, small 
intestine, myocardium, epicardium and endmardium, less frequently 
in the trachea, nasal cavity, bladder, urethra, pulmonary artery, 
pleura. 



Fig. 24. 

Swelling of lip and multiple haemorrhages with necrotic lesions along borders 
of lip, inside of cheeks, hard palate, etc. (From drawing.) Sheep 37C91. 

These haemorihages were usually multiple, circumscribed and 
about \ cm. in diameter. They were confined to the mucous mem- 
branes, but in the case of the heart they were also seen in the 
substance of the myocardium. In case of the epicardium in a large 
number of cases the apex showed a diffuse reddish patch about 1-lJ 
cm. in diameter, more or less encircling the apex. Interesting were 
also the circumscribed haemorrhages around the root of the hairs 
within the follicles of the skin. 
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The localized necrotic areas followed hy ulceration were usually 
seen on the lips opposite the incisor teeth, the dental pad, at the 
apex of the tongue, on the ventral aspect, and usually on the dorso- 
lateral aspect of the tongue opposite the fourth molar teeth, the 
mucous membrane of the rumen, the pylorus of the stomach, the 
external nares, {Vide Figs. 24-30.) 



Fig. 25. 

Necrotic ulceration on lateral aspect of tonfsue and cheeks, particularly marked 
opposite prominent molar teeth. Sheep 37691. 



Fig. 26. 

Necrotic ulceration along frenum linguae. (Sheep 8, Expt. 1b.) 
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1 2 3. 

Fig 27 

Vanous stages of ulceration on tongues ot sheep 

1 Sheep 8 of Kxpt 1 (h) li da\s after infection 

2 Sheep 1 of Rvpt 1 (a) 9 da'vs after infection 

3 Sheep 12 of Kvpt 1 (r) Id da\s after infection 



Fio. 28. 

Extensive ulcei lateral aspect tongue Calf 10^ Expt 1 (b) 
18 days aftei infection 
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Fig. 29. 

Ulcers on tongues in tlie process of healing. 

1 Calf 7, K\pt. 1 (6), 20 da^^s after infection. 

2. Calf 1, Kxpt. 1 (fi), 27 dajs after infection, 

d Sliwp 17, Expt 2, 25 da\s altei infection. 

4 Sheep 16, Kxpt. 2, 25 da>s aitei infection. 


Mu^toscoiflrall ij these lesions in the anite staj^e emild, in the 
majority of cases, be distinguished fioni the vesicles of foot and 
mouth. They either showed a necrosis or a subsequent ulceration 
with an hyiieraniic zone. At the periphery of the ulcer one could 
always recognize the presence of some of tlie adhering necrotic 
material. At no stage of the disease did it disclose anything of 
the nature of the frayed out and irregular remains of the wall of 
a ruptured x^esicle of foot and mouth. Neither was the base of the 
ulcer like the usual foot and mouth lesion, namely, of a bright red 
granulating surface. These necrotic areas or ulcers were circum- 
scribed, well defined, and often multiple. In the natural cases of 
bovines at Welgezegend some of the necrotic areas on the tongue 
reached large dimensions, and penetrated into the muscular sub- 
stance of the tongue. In one case it revealed multiple necrotic foci 
in the lung, but apparently caused by B, necrophorus, 
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Fig. 30 


Acute enteritis and haemorrhages in pylons (from drawing) Sheep 37464. 
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Fig. 31. 


Tongue f showing three stages of bhietongne lesions. 
(Spec. 13961, sheep expt. case.) 

1. “ Ballooning ” of stratified epithelial cells. 

2. Infiltration of epithelial cells with neutrophiles. 

3. Desquamation of necrotic material forming ulcers. 
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Pig. 32 ( 1 ). 
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Pig. 32 (2). 

Tongue: Haemoi rliages in stratified epithelium and eoriuin of mucous 
niembrane. (Spec. 14065, Kxpt. slieep case.) 


Microscopically {vide Fig’S. 81 and 82), it was seen that these 
neeiotie areas and ulcers were inoduced by a process of “ ballooning 
of the epithelial cells of the stratified epithelium of the mucous mem- 
brane of the tongue, hps, rumeni, etc. This was followed by a 

! )ustulur stage in which the spaces in the epithelial (*ells becanie 
oosely infiltrated with neutrophiles. This was followed by necrosis 
and ulceration of the mucous membrane in whic^h the corium becomes 
secondarily involved. The underlying corium revealed hyperaemia, 
haemorrhage, infiltration with neutrophiles, and necrosis. In all 
these cases the base of the ulcer was formed by a necrotic mass, 
practically unassociated with any proliferation of connective tissue. 

The healing process sets in rapidly; but frequently, however, 
well defined depressions develop in the mucous membranes, about 
cm in diameter to ^ in depth with the edges sharply cut and clean. 
At this stage the lesions may be mistaken for healing-out lesions 
of foot and mouth and like in case of foot and mouth it is surprising 
how rapidly and completely healing of the mucous membranes takes 
place. 
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Oedema of the lips and tongue was an early lesion to occur and 
was usually fairly prominent, in some cases the tongue protruded 
from the mouth as a result of its increased size, due to swelling. 
The subcutis of the ears, supra-orbital fossae, mandibles, inter- 
mandibular space, ventral aspect of the upper third of the cervical 
region, the peritracheal and peri oesophageal connective tissues were 
also frequently affected. 

In a number of cases there was oedema of the glottis and lungs, 
as well as a hydropericardium, and hydrothorax. In sheep f‘i7452 
oedema of the glottis was so marked that it caused asphyxia. Some 
of these cases in view of the transudation of fluid into the connective 
tissues of the cranial aspect of the body lesembled the dikkop form 
of horsesicjkness. 

Some (iases showed inflammation of the intestines, urinary 
blad<ler, and degenerative changes in the parenchymatous organs. 
A large number of these were examined microscopically, e.g. brain, 
spinal cord, liver, kidneys, spleen, a large number of lymphatic 
glands without evidence of any specific cdiangevS. 

Some animals that died in the later stages of the disease showed 
general anaemia and cachexia as the dominant features. 

In describing the lesions found in bluetongue in sheep Theiler 
{loG. cit,) maintains that one can consider as typical only those 
found in such cases where death supervened in the acmte stage. He 
says, The mouth is the principal part affected, showing excoria- 
tions on the lips, gums of the upper jaw, sloughing off of the 
epithelium of the tongue .... mucous membrane of the nasal 
septum is usually strongly congested .... lesions in the first 
stomach showing red patches and stripes ... in severe cases the 
mucous membrane of the fourth stomach is of a i)urple colour, 
swollen, either uniformly discoloured or perhaps in patches. . . . 
Lungs are as a rule normal, but symj)toms of even complete oedema 
are occassionally met with. ... In acute cases tumefaction of the 
spleen is usually present, but does not reach large dimensions. . . . 
Petechiae are found in almost every acute case on the left endocard 
and sometimes on the epicard. 

The post-mortem lesions in cases of long duration leave nothing 
typical. Usually there are lesions of extreme emaciation, paleness 
of the fiesh and organs. The lesions in the mouth have us a rule 
already healed out.” 

The post-mortem appearances of bluetongue in sheep described 
by Spreull (loo, cit.) are fairly exhaustive and it is significant bow 
these (‘orrespond with those changes seen in experimental sheep in- 
fected with virus obtained from cattle. “ Frothing at the mouth, 
swelling of the lips, particularly the upper lip, catarrhal discharge 
from the nostrils, cyanosis of the buccal mucous membrane, dental 
pad and inner surface of the lips are raw and excoriated. Sores 
appear inside the cheeks in the region of the molars and even on 
the rugae of the hard palate .... the tip of the tongue becomes 
sore .... in a few cases the tongue l>ecome8 extremely oedematous, 
quite fills the mouth .... there is occasionally an oedema of the 
lower parts of the face and especially of the skin and tissues under 
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the jaw, extending throu^yh rarely for a short distance down to the 
under surface of the ne(*k. . . . The rumen often shows inflamed 
patches more especially affecting* the i)i liars. . . . There may be 
one or two ulcers at the pylorus. ... As a rule death occurs from 
debility and the mouth and other lesions have generally healed by 
that time . . 

It is most significant how the changes in natural bluetongue in 
sheep as described by Theiler and Spreull correspond to those seen 
by the writers. 



Fig. 33. 

rapilla of nimrn: Showing ‘‘ ballcKming ” of stratified epithelial cells. 

(Kxpt. sheep case.) 


PATHOGENESIS. 

In the Third Progress Report (1928), it is said that the question 
has often arisen why the lesions of foot and mouth disease should be 
confined to such very limited areas of the body as the skin, feet, 
and mucous membrane of the mouth and tongue. ... It must be 
supposed that it is only in the superficial layers of the plantar and 
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palmar skin and of mucous membrane of the tong-ue that favourable 
conditions for the multiplication of the virus occur, but what the 
conditions may be is mysteriouvs From the experiments of Mait- 

land it would ai)pear that the position of vesicles is evidently not 
determined entirely by the structure of the tiwssues affected .... the 
mild irritation caused by movement and pressure would appear from 
these experiments to be a necessary condition. . . . With freedom 
from pressure, the local conditions are less favourable for the propaga- 
tion of the virus, whether directly implanted or brought by the 
blood stream. . . . 

In bluetongue, especially in the experimental cases where all 
stages could be carefully watched, it was significant how regularly 
lesions developed in certain situations, e.g. on the lower lips opposite 
the incisors, on the dorsal-Iateial aspect of the tongue opposite pro- 
minent molars, on those parts of the fore-stomachs (muscular pillars, 
oesophageal groove) and pylorus where function seems more promi- 
nent than in other parts; parts of the integument subjected to 
pressure, el<\ In case of the tongue certain parts which were brought 
into closer contact with the molar teeth became particularly affected 
(vide Fig. 25). 

Microscoi)ical scrutiny of the internal organs in foot and mouth 
disease was undertaken by the Research Committee, but no lesions 
were discovered in them .... it is (ioncluded that, although the 
virus established itself in certain restricted areas alone it speedily 
dies out or succumbs to the natural defences of the body. 

Interesting histological observations made in respect of experi- 
mental cases of bluetongue bear some resemblance to those referred 
to on page 10 of the Third Progress Report, viz., Where the 
earliest evidences of a lesion were observed in the epithelial tissue 
covering the tongues of rabbits ^nd guinea-pigs .... a few 
epithelial cells lost their oidinary fusiform shape and be(*amc 
spherical .... their protoplasm had changed its staining property 
and their nuclei degenerated .... in the centre of the lesion the 
altered cells were broken up and infiltration of the infected area 
with a few neutrophil es had occurred .... l>oth degenerated 
epithelial cells and infiltrating cells are subsequently disintegrated 
and the lesion becomes successively a vacuole, a vesicle, a vesico- 
I)ustule. . . . The latter finally ruptures, leaving aii ulcer which 
heals under a crust. . , 

Ill experimental bluetongue the earliest lesions in some of the 
cases manifested themselves in the epithelial cells in the vicinity 
of the germinal layer ” and even in cells of the basal layer 
where the cells become spherical, swollen and the cytoplasm shows 
a diffuse slightly stained hyaline appearance sometimes resembling 
droplets with a disappearance of the nuclei. 

At this stage, as in foot and mouth lesions in rabbits and 
puinea-pigs, usually no histological changes in the corium could be 
identified. This stage resembles the condition of ballooning 
sometimes also seen in actively growing papillomata of bovines 
(vide Fig. 31). 
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At the next stage these cells become disintegrated and their 
spaces become loosely filled with ixeutiophiles. These nentrophiles 
together with the remaining epithelial cells then undergo necrosis, 
while inflammatory changes also now make their appearance in the 
underlying part of the <*orium. 

At the next stage portion of the superficial necrotic mass becomes 
dislodged and leaves a bed (imposed of necrolic tissue extensively 
infiltrated with cells and in which the layers of the stratified epithe- 
lium are no longer in evidence. Other similar lesions of the mucous 
membranes did not show typical vesicle formation but transformed 
immediately into pustule, necrosis and ulceration. Almost identical 
lesions with “ ballooning ” of the epithelial cells, infiltration wdth 
nentrophiles, necrobioses, etc., were also observed in localized areas 
on some of the ])apillae of the rumen. 

In foot and nioutli disease in rabbits and guinea-pigs charaoto- 
ristic vesicles are only observed on the tongue, whereas extensive 
histological examination of the liver, brain, spleen, kidney, spinal 
cord, lung, heart muscle, ovary, testicle, adrenal, parotid of in- 
fected guinea-pigs and raldnts failed to disclose any departure from 
the normal. The Foot and Mouth Disease Research Committee felt 
justified in concluding that the initial lesions o(‘(‘ur in the epithelium 
of the tongue and that the corium is only secondarily affected and 
that the histology of tl)e lesion indicates an affinity of the virus for 
epithelium. The appearance suggest a true intia-epithelial 
(uilt me. 

Hivers (192<S) also refers to the efleets produced in cells by 
viruses, esi)ecially in respect of the e]>idermis . . . . they are 
subjected to forces not impinging in the same way upon the other 
(‘ells of the body .... they are under the direct influence of a 
variety of mechanical injuries .... whether the virus acts on the 
surface of the cell or jienetrates into it is not known .... both 
the injury to the cell and the multiplication of the virus still have 
to be explained.” 

The process of hallooiiiii” ” of some of the cells of the stratified 
epithelial (‘ells has fre<juejitly been seen in some of the i)apillomata 
of the skin of bovines. The etiology of these multiple papillomata 
believed to be transmissible has not yet been settled. It (*ertainly 
does not exclude a virus facdor and the possibility of a subse(iuent 
immunity, especially in A’iew^ of their sjwntaneoiis disappearance. 
It will be of great interest to determine whether these changes in 
the cell cytoplasm observed in bhietongue is of the nature of a 
degeneration either due to the multiplication and action of the virus 
or to traumatic influences (e..g pressure of teeth on swollen mucous 
membranes as a result of oedema or exaggerated function in the 
vicinity of the pillars of the rumen, etc. 

Does the virus multiply and propagate only in those epithelial 
cells which become previously injured by pressure, etc.? 

In spite of a careful examination of sections stained with 
Giemsa it was not possible to identify anything of the nature of 
** incdusion bodies It is realized that failure to identify such 
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bodies by the above method does not exclude their presence. On 
the other hand, in some of the experimental cases this ballooning ’’ 
process of the epithelial cells was not seen, but multiple 
haemorrhages into the epithelial layers of the mucovs membranes. 
It is, however, at the present moment not possible to offer any 
explanation of the actual relation of the epithelial cells of the skin 
and mucous membranes to the virus, and how this virus multiplies 
and propagates, especially in those cases where only multiple 
haemorrhages were observed. 

The transudation of fluid at certain stages of the disease into 
the subcutis of the mandibles, the intermandibular space, the supra- 
orbital fossa, the lips, the tongue, the upper part of the ventral 
aspect of the cervical region, the peritracheal and peri -oesophageal 
connective tissues, lungs, into the body cavities (hydrothorax, hydro- 
pericard) forms an interesting pathological manifestation in several 
diseases (e.g. dikkop horsesickness, bluetongue, dunkop horsesick- 
ness, cvcvwds poisoning). No explanation has yet been given as to 
why this “ transudation ’’ process is so specifically confined to the 
cranial aspects of the body. It is only in extensive transudation that 
it may encroach on to ujmer jjart of the fore-limbs and on to the 
region of the shoulder. In dunkop horsesickness it is (‘haracteris- 
tically confined to the lungs, thorax, and submucosa of the respi- 
ratory tract. In the experimental bluetongue cases the course of 
the transudation followed more the condition as it occurred in dikkop 
horsesickness, but in bluetimgue morphological (changes of the myo- 
cardium were never of the same degree as those seen in horse- 
sickness. In fact in bluetongue the myocardium in a number of 
cases showed no morphological lesions and if this transudation was 
at all associated with the action of the heart then is was probably 
of a nervous cheracter. 

Quill (1929) in his observations on curvmis poisoning speaks of 
a primary pulmonary oedema, and seems to think that vasomotor 
disturbances accounting for the oedema seems remote. The poison 
appears to exert a marked injurious influence on the endothelial 
lining of the minute vessel walls, so causing a sudden and marked 
increase in permeability. If we accept a similar explanation for 
transudation in bluetongue, it will be difficult to co-ordinate that 
with the extraordinary characteristic localization in the cranial 
asjiects of the body. 


THE COURSE AND PROGNOSIS. 

In comparatively mild reactiom the prognosis is favourable. 
The animals are visibly ill and off their feed for about a week. 
Recovery is rapid and uneventful. 

In severe affections a guarded prognosis must be given. There 
is a rapid loss of condition and marked weakness follows. On account 
of the extensive changes in the buccal mucosa the appetite remains 
pfecarious. Should a dermatitis develop, the recovery is even slower 
and the injured skin, especially round the mouth, is frequently 
struck with blowflies, 
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In several instances the disease terminated in death. In such 
fatal reactions death usually takes place in the early or acute staj^es. 
It would seem that a recovery could he hoped for when once the 
acute reactions have passed oft*, but in the later stages cases have 
been encountered in a moribund condition due to weakness and 
debility. 

Extensive and deep seated necrotic ulcerations have been noted 
on the tongues of some cases, e.g. in two of the Welgezegend cows. 
It is very probable that the more or less superficial injury of the 
mu(^osa by the virus provides loct mi norum resistentiarviri for the 
invasion of bacteria, which then contribute towards the formation 
of the extensive injuries. In one of the Welgezegend cows more 
than half of the middle ])ortion of the tongue was found at post- 
mortem examination to be necrotic and gangrenous. It is very 
probable that, if this animal had been allowed to live the anterior 
portion of the tongue would have sloughed off. 

In some of the experimentally infected calves and sheep 
similar, although not so extensive, ulcers developed on the tongues. 
Such lesions took a considerable time to heal and were present a 
month after the date of infection when all the other lesions had 
healed. 


DIAGNOSIS. 

In tyj)i(‘al cases the lesions are sufficiently characteristic for a 
diagnosis to be made. The following changes are important: — 

(1) The sui)erficial localized inflammation with necrosis on 
the lips, conical jjapillae, dental pad, external nares, 
muzzle, and ventral aspect of the apical portion of the 
tongue, 

(2) The sw’elling of the lower portions of the limbs and the 
marked hyj)eraemia of the skin particularly in the region 
of the accessory digits. 

(3) Tlie condition of the teats in milking cow\s; this consists 

of a nec^rosis of the epidermis wdth subsequent scab 
formation. 

(4) In the later stages the dermatitis and subsequent forma- 
tion of ('rusts and hard scabs. 

For diagnostic purposes the temperature is not of much value. 
As in sheep, the temperature is elevated during the initial stages 
of the disease, but as most cases come under observation only in the 
later stages, i.e. when the mouth lesions, etc., are well developed, 
a normal or only slightly raised temperature is usually found. 
Furthermore, under field conditions a temperature diverging only 
slightly from normal is very difficult to interpret. 

The epizootology of this disease in bovines is most important 
when considering a diagnosis. The disease makes its appearance in 
late summer and autumn, and generally only a few individiials in 

443 



OCCtT^lRENCE AND IDENTIFICATION OF BLtJETONGlTE IN CATTLE. 

a herd become affected. The disease occurs sporadically. The pre- 
valence of horsesickness and bluetongue in sheep in localities where 
this disease may make its appearance should be taken into consi- 
deration. In cases of doubt, e.g. in some of the atypical cases which 
may be encountered, the diagnosis may be confirmed by inoculatiiig 
suspected blood into normal sheep. In this connection Merino sheep, 
raised under conditions where natural infection is excluded, e.g. 
the Karroo, are most suitable. 


DIFFERENTIAL DIAGNOSIS. 

{a) Foot and Mouth Disease. 

The following differences are important : — 

1. The Epizootolopy . — Foot and mouth disease is a (umtagious 

disease and a new outbreak can usually be traced to some source of 

infection. In the case of bluetongue of cattle outbreaks occur 

sporadically and there is no evidence that the disease can spread 
by contact. The latter disease occurs seasonally and simultaneously 
wdth horsesickness and bluetongue of sheep. 

2. The lesions . — The same parts, viz., buccal cavity, feet and 

udder (teats) are affected in both disea^ses, there is, however, a dis- 
tinct difference in the nature of the lesions. In Iduetongue the 
pathological changes are essentially those of a localized inflamma- 
tion with necrosis of the mucous membrane and the characteristic 
vesicles of foot and mouth disease are not observed. In bluetongue 
the lesions show a zone of necrosis bordering on the periphery of 

the lesion, w^hereas in foot and mouth disease the frayed irregular 

remains of the ruptured vesicle can usually be identified. In the 
later stages the ulcers that are formed in l)oth diseases are somewhat 
similar and it might be difficult to make a distinction. It should, 
however, be remembered that the skin lesions are usually observed 
in the later stages of bluetongue and this is of value in making a 
differential diagnosis. 

Animal reactions . — Foot and mouth disease can be excluded by 
inoculating sheep. Merino sheep are very susceptible to the virus 
of bluetongue, and the characteristic reaction of bluetongue is 
observed. 


(6) Snotsiekte. 

Here the history of close contact with wildebeeste is a most 
important factor. Furthermore, w’ell marked and distinguishing 
pathological changes occur, e.g. the enlargement of the lymjihatic 
glands and the acute catarrhal and pseudo-membranous inflamma- 
tion of the mucop of the upper air passages resulting in a profuse 
muco-catarrhal discharge from the nostrils. Snotsiekte is an acute 
and nearly always fatal disease and is of the nature of a lymphatic 
aleucaemia. Very severe eye lesions, keratitis and conjunctivitis, 
are, other important distinguishing features. 

According to Mettam {loc. dt.) sheep are not susceptible to the 
virus of snotsiekte. 
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(c) Malignant Catarrhal Fever. 

In his discussion on the differential diagnosis of snotsiekte 
Mettum (1923) makes the following statement; — 

“ Malignant catarrhal fever occurs sporadically in South Africa, but 
to what extent is not known.” No reference is given for this infor- 
mation. He refers to this malignant catarrh as a disease accom- 
panied by a high fever and he mentions acute eye and nasal symptoms, 
rapid emaciation, spreading of the inflammation of the mucous 
membranes lining the sinuses to that of the horn cores, which often 
came away in the hand during manipulation. He further states 
that in many cases of malignant catarrhal fever skin lesions are 
found in the form of papular exanthema and often in the later 
stages a profuse scaling of the epidermis. According to Mettam the 
condition cannot be reprodm^ed in cattle by blood inoculations and 
he mentions this as a distinguishing feature from snotsiekte. From 
this description it would appear that tiiis is the same disease that 
occurs in European (‘ountries. Itecently (lotze (1932) maintained 
that malignant catarrhal fever and snotsiekte are, if not identical, 
then very closely related diseases. This conclusion is arrived at by 
a consideration of the fact that both diseases can be transmitted to 
susc'eptible cuttle by blood inoculations and becrause the clinical and 
jnithological-anatomical changes are very similar in both diseases. 
Gotze suspects sheep playing a role in malignant catarrhal fever 
analogous to that which the wildebeest plays in snotsiekte in South 
Africa, 

As far as is known outbreaks of snotsiekte in South Africa have 
only been observed under circumstances where cattle come into very 
close contact with wildebeeste. It is not known whether sheep can 
serve as a reservoir for the virus of snotsiekte in a way similar to 
that suspected by G<)tze in the ease of outbreaks of malignant 
catarrhal fever in Germany. 

In view, however, of the findings of Gotze, further investiga- 
tions will have to be carried out to establish the exact relationship 
between snotsiekte and malignant catarrhal fever. It is most 
important to ascertain whether malignant catarrhal fever does exist 
as a disease svi generis in South Africa. The possibility that the 
disease, referred to by Mettam as malignant catarrhal fever, might 
have been the same as this bluetongue of cattle should also be con- 
sidered. 

{(J) ,Sweating Sickness (Sweetsikkte or Nat-kalwersiekte). 

This disease has been described by du Toit (1923), who found 
the condition usually confined to calves only. Later observers, 
Clark (1933) and A,. D. Thomas (in a personal communication), 
maintain that the occurrence of sweating sickness in older animals 
is by no means rare, Clark describes a typical case in a three- 
year-old cow. 

The disease apparently occurs enzootically in certain parts of 
South Africa, such as the Lowveld of Swaziland, Zululand, Natal, 
in the Bushveld of Northern Transvaal, and Bechuanaland. The 
aetiology of the condition is still unknown, but du Toit {loc. ciiJ) 
suggested that a filtrable virus may be the responsible factor. 
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There are certain resemblances between sweating sickness and 
certain forms of blueton^ne of cattle, in particular the same seasonal 
incidence and certain clinical conditions, for instance, the hyperae- 
mia and necrosis (ulcers) on the buccal mucosa and the condition 
of the skin in the later stages. But a condition of sweating has 
not as yet been observed in eases of bluetongue in cattle, and 
although older animals may be affected with sweating sickness, the 
disease is most common in calves, whereas bluetongue has been 
observed to occur in older cattle. 

In view, however, of certain similarities between the two con- 
ditions it would be essential to determine w'hether reactions could 
be produced in sheep with sw^eating sickness material and if any 
relationship exists between the two diseases. 

(e) Tiiree-i)ay-Stiffsickness (Epiiemei«al fever). 

The first symptoms usually observed in bluetongue of cattle is 
marked with stiffness and lameness. These are usually the only 
symptoms observed for a day or two by the owners l>efore the mouth 
lesions become obvious. It has already been suggested (vide 
symptomatology) that cases described as three-day-stiff sickness, 
especially where they are found in association with typical blue- 
tongue reactions in cattle, may also possibly be atypical forms of 
the same disease. 

In true three-day-stiffsickness a relatively large number of 
animals (10 to 50 per cent.) are usually affected. Except for the 
stiffness, slight lachrymation and elevation of temperature no other 
important symptoms or lesions develop. 

According to Theiler (1907) the disease can be transmitted to 
susceptible cattle by means of blood inoculation. He succeeded in 
setting up characteristic symptoms of three-day-stiffsickness in a 
heifer by inoculating her with 20 e.c. defibrinated blood from a 
natural case. • 


(/) Lamsiekte. 

A complete or partial paresis of the tongue is a common 
symptom observed in lamsiekte. In severe reactions of blueiongue 
a protrusion of the tongue occurs and in such cases this disease may 
be confused with lamsiekte. It should be remembered that in lam- 
siekte no visible lesions are present in the mouth or on* the tongue 
and a complete paralysis of the locomotory system is also evident 
in practically all cases. 

Furthermore, lamsiekte can usually be excluded by carefully 
considering the epizootology and the various aetiological factors 
concerned. 


(g) Rinderpest. 

In bluetongue the lesions on the lips, dental pad, muzzle and 
external nares to some extent resemble those seen in the early stages 
qt rinderpest, but the subsequent alarming intestinal disorders of 
ihi latter disease do not develop. Furthermore, bluetongue is 
usually observed in a few individuals in a herd and there is no 
evidence of the disease spreading by contact, whilst rinderpest is 
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a highly infections condition and spreads very rapidly. A further 
distinguishing charac'teristic is the very high mortality in rinder- 
pest; bluetongue in comparison is a relatively benign disease. 

(h) Stomatitis dub to Tbaumatic or Chemical Agents. 

Such factors (an usually be excluded by carefully considering 
the history of eacih case. Traumatic agents, e.g. the awns of certain 
grass seeds are usually found siftt. It should be remembered 
that sick animals in South Africa are often subjected to rather 
drastic and severe treatment and irritating chemical substances such 
as caustic soda, carbolic acid preparations, etc., are sometimes used. 
The stomatitis resulting from the use of such substances should be 
considered when arriving at a diagnosis. 

(/) A Form of Panaritium. 

This is fretpiently encountered in South Africa and such an out- 
break occurred for instance on a farm Bouwliist in the Koedoesrand 
area during Ai)ril, Apjiarently this condition is due to con- 

tamination of the feet by mud around the drinking water and in 
hut Icraals. In the outbreak at Bouwlust the condition was 
apparently exaggerated by the fact that the cattle had to be driven 
over a long distance to the Magalakwdn river for watering purposes. 
The hind limbs in this case weie most affected and no mouth lesions 
were observed. 

From the present South African point of view the above condi- 
tions are, no doubt, the most important whi(*h should be taken into 
consideration in making a differential diagnosis. However, since 
this disease in some clinical revSpects resembles foot and mouth 
disease, and, furthermore, since it first c ame into prominence during 
a campaign against the latter in South Africa, the differential 
diagnosis would he incomplete without including certain other con- 
ditions which are usually bimight under review in a consideration 
of the diagnosis of focff and mouth disease. 

Eaton (193d) has recently presented an (excellent review of con- 
ditions of the mouth and feet of cloven-footed animals in a discussion 
of the diagnosis of foot and mouth disease. The following are 
some of the conditions included in his long list: — 

1. Ve.^irylur sfoniatitis. — Here only mouth lesions develop 
and consist of vesiclcvS, usually seen only on the tongue, but 
o(!casionally on the gums. Important differential characteristics 
are the absence of feet lesions and no locomotory disturbances. 

2. A non-specific catarrhal and vlccrative stomatitis , — 
These conditions are usually noted in animals which are poor 
and unthrifty. In the case of the catarrhal form heaped-up 
epithelial deposits are to be observed on the tongue, hard palate, 
and inside the upper and lower lips. In the ulcerated form 
the ulcers heal slowly. 

3. Calf diphtheria , — Confined to. calves. The mouth lesions 
area camsed by the haciJlns necroj?horus after a preliminary in- 
jury to the buccal mucosa such as is caused by teething. The 
yellow necrotic patches are to be seen on the dorsum of the 
tongue and inside the cheeks. Large sloughing of the affected 
parts often follows and death is a common sequel. 
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4. Pustular stoTnatitis, — According^ to Eaton this condition 
is met with by itself or with an accompanying dermatitis in 
young cattle, and also in sheep. The lesions are found on the 
inside and outside of the lips. Pus is discharged which forms 
crusts on the outside of the lips. 

Under this heading the well-known South African disease 
Vuilbek {Ecthyma cmitagiosum) of sheep and goats can be con- 
veniently considered. Vuilbek is a benign disease when compared 
with bluetongue of sheep and foot lesions are absent. Ordinarily 
very little difiiculty is encountered in distinguishing it from blue- 
tongue in sheep, but when lesions occur on the inside of the lips 
and cheeks it might be necessary to resort to biological tests. 

Eaton discusses conditions such as Dirty tongue (Armagh 
disease), Actinomycosis of the tongue, Actinohacillosis of the denial 
pad, traumatic and dental injuries of the buccal mucosa, which 
could from a pathological-anatomical consideration be contused with 
foot and mouth disease. He also draws attention to choking, lacta- 
tion tetany, disturbances of the salivary glands, etc., where saliva- 
tion is a cons])icuous symptom, and may thus also be confused with 
foot and mouth disease. 

SUMMARY AND CONCLUSIONS. 

During the autumn of 1938 an undescribed disease referred to 
as pseudo-foot and mouth disease, made its appearance in cattle in 
herds scTittered over an extensive area of South Afri(*a. Eiom 
evidence obtained it would appear as if this disease is not a new 
condition, Imi that it has been observed lor some (‘onsiderable time. 
Unfortunately no serious notice was taken of it and it thus escaped 
the attention of veterinarians until the beginning of 1933 when all 
possible veterinary resources were organized to deal with a possible 
spread of foot and mouth disease throughout the Union. 

c 

In practically every case where this so-called pseudo-foot and 
mouth disease broke out the owners considered it either as foot and 
mouth disease, or, at any rate, very suspicious. Since lesions 
ai)peared on the buccal mucosa, the feet and on the udders, veteri- 
narians experienced considerable difficulties in definitely excluding 
foot and mouth disease. It, therefore, became essential to undertake 
exi)eri mental investigations ip order to ascertain the nature of this 
condition. 

In the experiments undertaken it was possible to indicate ihe 
presen(*e of the well-known virus causing bluetongue of sheep in the 
blood of most of the cattle suffering from this “ pseudo-foot and 
mouth disease.” Very characteristic reactions of bluetongue 
developed in the experimentally infected sheep, and, furthermore, 
the specifi(‘ity of the virus was established by immunological tests. 

It w’as also shown that calves, although less susceptible than 
sheejb undergo a definite reaction when infected with virus originally 
obtained from cattle affected with this disease. 

In the discussion of the pathogenesis of bluetongue reference 
was made to. the significance of the lesions, especially in relation 
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to the stratified epithelial cells of some of the nuicous membranes, 
and the question of transudation into the connective tissue, espe- 
cially of the subcutis of the cranial aspect of the body. 

From an actual economical aspect the occurrence of bluetongue 
in cattle is ai)parently of minor significance, for in most of the 
outbreaks which were investigated only a small percentage of animals 
were affected, and these cases usually made an eventful recovery. 
It is from a differential diagnostic point of view, especially in con- 
ne<ition with foot and mouth disease that the occurrence of blue- 
tongue is of very great importance. 

The knowledge that cattle are susceptible to the virus of blue- 
tongue may perhaps throw furtlier light on (ertain cattle diseases 
of South Africa where the aetiology is still somewhat obscure. This 
is especially the case in c^onnection with sweating sickness of calves, 
tlie alleged occurrence of malignant catarrhal fever, and some of 
the so-called cases of tliree-day-stiff sickness. 
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APPENDIX A. 


TRANSMISSION EXPERIMENTS. 


iNTKOmTCTTON. 

Transmission exjjeriments were undertaken with material obtained from 
various outbreaks. These experiments were commenced on the farm Welge- 
zegend and continued later at Onderstepoort. Jt is convenient to give the 
results under various headings indicating the source of the infective material: — 

(1) Experiments with W etgezegend cattle virus: — 

(<j) Series with a strain recovered from a sick cow (case 1). 

ih) Series with a strain recovered from a calf which was “ infected 
intranasally with a mixture of blood, urine, milk, and emulsified 
necrotic tissue from three sick cows (cases 1, 2, and 3). 

(c) Series undertaken with a strain recovered from an ox which 
developed a fairly mild reaction and later recovered. 

(2) Experiments with Kromdraai cattle virus. 

(3) Experiments with Darling cattle virus. 

(4) Experiments with EUmddaagie cattle virus. 

(5) Experiments with Novo cattle virus. 

(6) Experiments with Montague cattle virus. 

(7) Experiments with Onlangs cattle virus, 

(8) Experiments with Swartland cattle virus. 

(9) Experiments with a strain of bhietongue virus recovered from a sheep 

at Novo, 

(10) Miscellaneous experiments. 

Each chapter is arranged in the following way : — 

A. A description of the outbreak. 

B. Table indicating the transmission experiments to which the various 

strains were subjected. 

C. Tabulation of experimental results. 

Note. — The reactions which were observed in the calves are 
fully described, but as far as those in the sheep are concerned 
only the nature of the reaction is mentioned. The reactions were 
typical and are fully described in first part of the paper (vide 
symptomatology). Any complications are specially mentioned. 

D. Summary of the results : — 

(1) Calves 1-14 were used in the Welgezegend experiments. 

(2) Sheep 1-19 were used in the Welgezegend experiments. 

(3) All the remaining calves and sheep were kept under laboratory 
conditions at Onderstepoort. 

(4) The sheep used in the Onderstepoort experiments were all 
originally from the Karroo, i.e. reared under conditions where 
bluetongue does not usually occur. 
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(1) Experiments with Welgezrgend Cattle Strains. 

Histoi'y of the Outbreak, 

A total number of t308 head of cattle were kept on the particular portion 
of the farm Welgezegend where this outbreak occurred. The cattle were in low 
condition on account of a drought, but they were free of specific disease. 
On the 10th March three cows became ill. They were noticed to be slightly 
stiff and lame. No st^rious attention was given to the condition and a vague 
diagnosis of gallsickness ” was attempted. The animals were accordingly 
drenched. Three days later, however, marked salivation was observed and in 
one case the tongue was protruding from the mouth. The mouths were now 
examined and alarming sores ” discovered. Foot and mouth disease was 
immediately suspected and the disease reported to the veterinary officer. 

Condition of the Cows on Wth March. 

Case No. 1. — The animal, a young grade Friesland cow, was found lying 
down. There was marked salivation and the temperature 102-6°. The animal 
showed no inclination to feed and appeared very depressed. 

The skin on the plantar region of the limbs, up to the fetlocks, appeared 
red and swollen. The epidermis in the iiiterdigital spaces appeared excoriated 
and the underlying tissues necrosed and moist. Loose ami ]>artially detached 
epidermis was still adherent in parts. On rising a marked lameness in all 
four limbs was observed. 

The udder showed a dermatitis in the stadium squamosa with a marked 
rod discoloration of the tciats. 

A moderate amount of salivation was observed and in the mouth an 
elongated superficial necrosed area was present between the. upper hp and 
dental pad. Similar lesions werij present on the border of the lower lip. On 
the left side of the tongue there %vas a large area, extending from the middle 
third to the posterior third which appeared necrosed. This area was covered 
with a greyish-yellow material. The borders of this lesion were very red. 
Extensive necrotic lesions were noted on the dental )>ad. These were also 
covered with yellowish material. Superficial necrosis and ulceration was also 
noted along the borders of the nose. The muzzle was dry and encnistated. 

(hise No. 2: A Young Grade Friesland Cow. — The condition of this cow 
was similar to case 1, with the following exceptions: — 

The necrosis on the tongue was confined to the ventral aspect of the 
a[>ex. The lij>s and dental pad were more extensively involved. The tongue 
appeared swollen and was hanging from the mouth, llie lesions in the inter- 
digital space were not so marked. Salivation was much more profuse. 

C(i.se No. .3: A Young Grade Friesland t^ow. — This was a comparatively 
mild case. No feet lesions were to be found. The udder was only slightly 
affected and the mouth k'sions not so marked. An elongated necrosed area 
was pres(‘iit in the space between the upper lip and dental pad and similar 
lesions on the dental jiad. A few irregular and fairly small necrosed lesions 
were noted on the lateral aspect of the apex of the tongue. Small irregular 
necrosed areas were present on the nose. 

The above cows were destroyed. Post-mortem examinations were under- 
taken and are described in Aiipendix B. 

Subsequentlj^ (17th April) two further cases were discovered on this 
farm. The affected animals were in both cases mature oxen. The lesions were 
comparatively mild and necrotic lesions were noticed on the dental pad, the 
upper and lower lips, and the ventral surface of the ajiex of the tongue. 
The lower parts of the limbs appeared swollen and the skin on the plantar 
region of digit was red. Fairly high temperatures (more than 105° F.) were 
recorded on several cK^casions, These oxen ultimately recovered. 

A series of three experimental investigations were undertaken with material 
from these cases : — 

1 (a) with a strain recovered from a sick cow (case 2, above). 

1 {h) with a strain recovered from a calf which was “ infected ” intra- 
nasally with material from the cows (cases 1 , 2, »3). 

1 (c) with a strain recovered from one of the affected oxen. 
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Experiments 1 (a). 

Table to indicate the fran8misHio7is undertaken with virus from 
affected cow (case 2). 


SICK COW 
( C«»e 2.1 


.ShMp 37430 
R * 


L-Shcep 37305 
R 


r— Cftif 2 
React. 

Calf I 

Reaction 

Calf 3 

React. 


f-.Sheep 5 . 

I . 

ep 1 MaaaaiilM Sheep 0 

I Neg. 

ep 2 Lsheep 7 

R Neg. 




r. Sheep 35788 
, ^ Neg. 

i Lsheep 35785 
► r Neg. 


Neg. 

^ Lsheep 35514 
Neg. 


—Sheep 37075 
R 

-.Sheep^70: 

.Sheep 37071 
R 

.Sheep 37091 
R 


.S 


p.Calf 5345 
Doubt React. 


Sheep 37411 
RiS« 




Sheep 37431 
R•^ 


Sheep 37431 
R 


Sheep 37331 


Hi 


L.Cair 5251 

Neg 

Note : R»Blue Tongue Reaction, 

RV->Blue>Toogue Reaction terminating In Death.' 
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Experiments with W elgezegend Virus recovered from sick cow (case 2). 

Table 1 (a). 


No. of 
Animal. 

Bate of Inoculation and 
Origin of Virus. 

Result. 

Calf No. 1.... 

17.3.33,20 0 . 0 . fresh blood ex 
cow case (ii), intravenously 

The temperature commenced rising on the second 
day and reached 106° on the fourth day. After 
that it gradually fell and could be considered normal 
on the 12th day. On the third day small super- 
ficial ulcers (i -6 cm. in diameter) were seen on 
the mucous membrane of upper and lower lips ; 
these ulcers commenced healing on the 14th day 
and gradually disappeared. The animal was killed 
on the 27th day, and a fairly large ulcerative area 
was found on the lateral aspect of the fixed portion 
of the tongue. 

Calf No. 2.... 

22 .3^33 , 25 c.c. fresh blood ex 
calf No. 1, intravenously 
Note . — Blood collectc‘d on 5th 
day 

Slight rise in temperature after third day and reached 
104*4° on 6th. Temperature normal on 8th day. 
On the 6th day superficial ulcers were noted on the 
upper and lower lips, similar in appearance to those 
seen in calf No. 1. After the 16th day these areas 
showed distinct signs of healing and were com- 
pletely healed on the 2l8t day, when the animal 
was destroyed. No unusual changes were present 
at post-mortem examination. 

Calf No. 3.... 


Bistmet temperature reaction beginning on 4th day. 
Acme (106°) on 0th day. On this day the animal 
appeared ill, it refused its milk and was lying 
down. The animal commenced feeding on the 
11th day. A marked reddening of the mucous 
membrane of the mouth was noted on the 9th day. 
Ulceration of the gums especially along the incisors 
was subsequently observed. The gingivitis per- 
sisted to the 16th day, on this day a muco-purulent 
discharge developed from the eyes and nose and a 
slight excoriation of the interdigital spaces was 
observed. Destroyed on the 2l8t day. 

Sheep No. 1.. 

23.3.33, 5 c.c. fresh blood ex 
calf No. 1, subcutaneously 

Fatal peracute reaction. I.P.* — 3 days. Died on 
9th day. 

Sheep No. 2. . 

»f »♦ 

Acute reaction and recovered. I.P. — 5 days. 

Sheep No. 3. . 

»> »» 

Acute reaction and recovered. I.P. — 3 days. 

Sheep No. 4. . 

.. 

Fatal peracute reaction. I.P, — very short about 24 
hours. Died on 7th day. 

Sheep No. 
37366 

26.4.33, 5 c.c. blood ex calf 
No. 1, intravenously 

Note . — Blood collected on 6th 
day, preserved in O.G.C. 
and stored for 45 days at 
ord. toom temperat. 

Subacute reaction, complicated with peritonitis 
(perforation of rectum). I.P. — 6 days. Died on 
14th day. 

Sheep No. 
37426 

•» ft 

Fatal acute reaction, I.P. — 6 days. In extremis on 
13th day and destroyed. 


♦ I.P. — Incubation period. 
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Table 1 (a) — (contcl.). 


No. of 
Animal. 

Date of Inoculation and 
Origin of Virus. 

Result. 

Sheep No. 6. . 

SO. 3. 33, 5 c.o, fresh blood ex 
Sheep No. 1 subcut. 

Note. — Blood collected on 7th 
day 

Acute reaction. In the later stages marked oedema of 
the lungs developed (c.f. dunkop horsesickness). 
I.P. — 6 days. Died on 12th day. 

Sheep No. 6. . 

30.3.33, 5 c.c. fresh blood ex 
sheep No. 1, injected intra- 
nasaily 

Note. — Blood collected on 7th 
day 

No reaction. (This experiment was undertaken to 
determine whether sheep could be infected by an 
intranasal injection of virulent blood.) 

Sheep No. 7. . 

»i 

No reaction. 

Sheep No. 
36788 
{B.T.V. 
sheep) 

19.4.33, 1 c.c. blood ex sheep 
No. 5 

Note. — Blood collected on 9th 
day, preserved in O.G.C. 
and stored at ordinary room 
temp, for 41 days 

>» »» 

Sheep No. 

36785 
(B.T. Vacc. 
sheep) 

» >» 

» >» 

Sheep No. 

35636 
(B.T. Vacc. 
sheep) 

»> »♦ 

»» »» 

Sheep No. 

35514 
(B.T.V. 
sheep) 

a >« 

»» »♦ 

• 

Sheep No. 

37076 

22.3.33, 25 c.o. fresh blood ex 
calf No. I, intravenously 
Note. — Blood collected on 6th 
day 

Mild acute reaction and recovery. I.P. — 7 days. 

* Immunity Test. — 22nd day, 1 c.c. blood ex natural 
bluetongue reaction in a sheep at Novo. No 
reaction developed. 

Note. — Refer to experiment 9 for the tests to ascer- 
tain the virulence of thig virus. 

Sheep No. 

37071 

j» »» 

Subacute reaction and recovery. I.P. — 6 days. 
Immunity Test. — A» with sheep No. 37073 — ^no 
reaction developed. 

Sheep No. 
37091 

ti tf 

Mild acute reaction. I.P. — 6 days. 

Immunity Test.’—A^ with sheep No. 37076. Definite 
positive reaction. 

The following symptoms noted: — I.P. — 6 days, high 
temperature, muco<*haemorrhagic discharge nostrils, 
hyperaemia and excoriations of mucous mem- 
brane, nose, buoal cavity, and later coronitis. 

Sheep No. 
37077 

»f tf 

Fatal acute reaction. I.P.-~2 days. Died on 12th 
day. 
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Table 1 (a) — (cjontd.). 


No. of Bate of Inoculation and 

Animal. Origin of Vii’us. 


Result. 


Calf No. 5246 


19,4,33, 5 c.c. of sample of 
blood used in sheep No. 
36788, etc. 


Slight rise of temperature reaching 103 on 6th day 
No other lesions. Very doubtful reaction. 
Immunity Test , — On 4.5.33, i.e. 16th day, 6 c.c. 
fresh blood ex sheep No. 37266 [vide expt. Ib.) 
intravenously. No reaction observed. 


Calf No. 6261 


No reaction. 

hnmunity Teat . — As with calf No. 6245. No reaction 
observed. 


Sheep No. 
37331 


Sheep No. 
37411 

Sheep No. 
37421 


Sheep No. 
37431 


26.4.33, 6 c.c. fresh blood ex 
sheep No. 37077 intra- 
venously 

Notr . — Blood collected on 8th 
day 


1.3.33, 5 c.c. fresh blood ex 
sheep No. 37331, intra- 
venously 

Note . — Blood collected on 6th 
day 


Fatal poracuto reaction. I.P. — 36 hours. Died on 
6th day. 


Fatal acute I'caction. I.P. — 4 days. Died on 14th 
day. 

Fatal acute reaction. I.P. — 3 days. Died on 15th 
day. 


iSubacutc reaction and recovery. I.P. — 3 days. 
Immunity Teat . — 1 c^. virulent blood ex sheep Novo. 
No reaction. 


Summary of Uesults. 

(1) Sheep experiments: — 

(a) Fifteen normal sheep were inoculated intravenously or subcutaneously 
with infective material from this source and all reacted. Eight, or 
more than 50 iier cent., died. Deaths occurred from the 6th to 16th 
day after infection. The irnuibatioii period varied Irom as short as 
24 hours to 6 day.s. 

(h) Two sheep “ infected intranasally with 5 c.c. active bhxid did not 
react. 

(c) Imm unify: — 

(i) The immunity of four sheep which had recovered from this strain 
of cattle virus was tested with a virulent strain of bluetongue 
virus recovered from a sheep. Three proved to be completely 
immune, whilst one again reacted. 

(ii) Four bluetongue vaccine sheep proved to be completely immune 
to virus originally recovered from the cow. 

(2) Calf experiments: — 

Five calves were inoculated with virus containing material and four 
developed definite reactions. The incubation periods and the temperature 
reactions resembled those of bluetongue in sheep, but the mouth lesions 
were not as characteristic. In most cases excoriations with subsequent 
slight ulceration appeared on the mucous membrane of the upper and 
lower lips. 
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Exfieiuments 1 (b). 

Table to indicate the transmissions undertaken with virus recovered 
from affected cows (cases 1, 2, 3). 


SICK COWS 

Casefr i ii ill 

20 C.C.S Mixture of Blood, 
Urine. Milk and Emulsi- 
fied Necrotic Tissue intra- 
nasally into. 


Calf 4 
Neg. 

Calf 5 
React. 

Calf 6 
React. 


Calf 7 
React. 


Calf 8 
React. 



Calf 9 
Reaction 


Calf 10 
Reaction 


Sheep 8 
Sheep 9 . 

Ri4 

Sheep 10 
R 

Sheep 11 
R 


Sheep 37265 
R 


Sheep 37298 
Ril< 


Calf II 
React. 

Calf 12 
React. 

Calf 13 
React. 

Calf 14 
React. 

Calf 5206 
React. 

Calf 5263 
React. 

Calf 5245 
Neg. 

Calf 5251 
Neg. 

Calf 5204 
Slight Temp. 


Note : Rxs Blue-Tongue Reaction. 

R.ijiar Blue-Tongue Reaction terminating in, death. 
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Table 1 (b). 

Experiments with Welgezegeiui Virm, — (b) From material of sick cows 

(cases /, II, III.) 


No. of 
Animal. 

Date of Inoculation and 
Origin of Virus. 

Result. 

Calf No. 4.. 

17. 3, S3, 10 c.c. mixture of 
blood urine, milk, and emul- 
sified necrotic tissues, col- 
lected at post-mortem of 
of cases I, ll,andlll,intra- 
nasally ♦ 

No reaction. 

Calf No. 6.... 

17 3,33, infected as calf No. 

Irregular temperature, which rose to 105" on 5th day. 
On the 3rd day small superficial ulcers appeared 
on the mucosa of the upper and lower lips. On 
the 4th day these ulcers were larger and the lips 
appeared slightly swollen. On the 10th animal 
appeared ill and mucosa of mouth reddened, the 
lesions still present on lips. 

Calf No. 6..,. 


No apparent rise in temperature. On the 3rd day 
superficial ulcers noted on the lower lip opposite 
lateral incisor teeth. On the 12th day marked 
dyspnoea noted. Animal destroyed on 13th day, 
and a fairly marked oedema of lungs found. 

Calf No. 7.... 

17 .3.33, 20 c.c. mixture of 
blood and urine collected 
from cases 1, IT, and 111, 
intranasally 

Steady rise in t<cmperature from 5th day and 106*2® 
reach on 13th day. On the 8th day animal 
appeared to be ill and 12th day a muc^)-purulent 
discharge from the nose was observed. Super- 
ficial ulcers noted on the lips and later (20th day) 
a fairly extensive ulcer was noted on the dorsum 
of posterior part of tongue. 

Calf No. 8.... 

17.3.33, infected as calf No. 6 

No reaction. 

Calf No. 9.... 

22.3.33, 25 c.c. fresh blood 
from calf No. 5, intra- 
venously. ( Blood taken on 
0th day.) 

Rise of temperature on lOth day, reaching 104*6° 
on 12th day. Temperature remained at this level 
until 18th day and then gradually fell. On the 
6th day superficial ulcers appeared on upper lip 
and 8th day on lower lip. On 16th day slight 
excoriation was noticed in the interdigital spaces. 

Calf No. 10... 

22.3.33, inoculated as calf 
No. 9 

1 

i 

On 6th temperature rose and reached 106" on 7th 
day. On the 3rd day small superficial uhiers noted 
on the mucosa of lower lip opposite lateral incisors. 
On the 10th day marked lachrymation noted and 
animal coughed frequently. On the 14th day 
muco-purulent discharge from nose. On 16th 
day discharge from eyes and nose marked. Lesions 
on lip still present and a fairly large necrotic ulcer 
on lateral aspect of tongue, 17th day animal ill 
lying down and marked dyspnoea present. On the 
18th day animal destroyed and at post-mortem 
examination extensive and fairly deep-seated 
necrotic lesions found on lateral aspect of posterior 
portion of tongue and in the larynx. 


* The injection of this material into the nasal cavities was primarily undertaken to exclude foot 
and mouth disease. During the outbreak of foot and mouth disease in Southern Rhodesia, Bevan 
found that the disease could be easily transmitted by injecting virus containing material into the 
nostrils of susceptible animals. 
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Table 1 {h) — (contd.). 


No. of 
Animal. 

Date of Inoculation and 
Origin of Virus, 

Result. 

Sheep No. 8. . 

22,3.33f 10 c.o. fresh blood ex 
calf No. 6, intravenously 
Note. — Blood collected on 6th 
day 

Fatal acute reaction. X.P. — 6 days. Died on 13th 
day. 

Sheep No. 9. . 

9f 

Fatal peracute reaction. I.P. — 4 days. Died on 7th 
day. 

Sheep No. 10 

>» »» 

Acute reaction and recovery. I.P. — 6 days. 

Sheep No. 11 

M »> 

Acute reaction and recovery. I.P. — 3 days. In the 
later stages deep-seated necrotic ulcers on dorsal 
and lateral aspects of tongue. 

Sheep No. 
37298 

26.4.33^ 6 c.c. blood ex calf 
No. 6, intravenously 

Note. — Blood collected on 6th 
day, preserved in O.G.C. 
and stored at O.K.T. for 29 
days 

Fatal subacute reaction, I.P. — 5 days. Moribund 
on 20th day and destroyed. 

Sheep No. 
37266 


Peracute reaction, I.P. — 6 days. Died on 9th day. 

Calf No. 11... 

1.4.33, 6 c.o. fresh blood ex 
sheep No. 0, intravenously 
Note. — Blood collected on 
10th day 

No definite rise in temperature. On the 6th day 
appeared ill and would not rise. On the 10th day 
excoriations noted on the inner surface of lips 
opposite lateral incisors. 

Calf No. 12... 

1 M M 

Irregular temperature. 104 -3® F. on 3rd day and 
106-3® on 9th day. On the 6th day muzzle 
appeared dry and a watery discharge from nose 
and eyes. Calf appeared ill and lay down fre- 
quently. 

Calf No. 13... 

1.4.33, inoculated as calf 
No. 11 

Distinct rise in temperature which commenced on 
3rd day. 104-6° on 9th day. On 6th day small 
superficial excoriations noted on the inner aspect 
of lower lips. Those superficial ulcers increased 
in size. Animal destroyed on 1 3 . 4 . 33. 

Calf No. 14... 

1.4.33, inoculated as calf 
No. 11 

After third day temperature rose steadily and reached 
104-2° on 9th day. Except for slight watery 
discharge from eyes on 6th day no other lesions 
or symptoms developed. 

Calf No. 6206 

4.5.33, 10 c.c. fresh blood ex 
sheep No. 37266 intra- 
venously (blood collected 
on 9th day) 

Slight rise in temperature on the 10th. The mucosa 
of bucal cavity appeared reddened and small super- 
ficial ulcerative areas (db ’6 cm. in length) appeared 
on the mucosa of lower lip opposite the lateral 
incisors. The hyperaemia and lesions persisted for 
4 days after which they disappeared. 



Note. — This animal was inoculated with 6 c.o. of blood 
on 19.3.33 from Onlangs^ case I — ^the blood of this 
animal proved to be avirulent [vide experiments 

7 («)]. 
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Table 1 (h) — (contd.). 


No. of Date of Inoculation and 

Animal. Origin of Virus. 


Result. 


Calf No. 6263 


Calf No. 5246 

Calf No. 5251 

Calf No. 6204 


4.5.33y inoculated as calf No. flight rise in temperature on third day and remained 
6206 more than 103^ for 5 days. On the 6th day the 

mucosa of mouth appeared slightly red. On the 
next day the following changes were observed : 
the lower lip appeared slightly swollen and the 
skin red ,• the muzzle definitely red (white-faced 
animal) ; the apical portion of tongue reddened a 
few of the papillae dark red ; the borders of the lip 
appeared reddened and some of the conical papillae 
(especially at the angle of the mouth) enlarged, 
their tips red and in a few the tips greyish -yellow ; 
excoriations of the mucosa was noted on ventral 
aspect of apical portion of tongue and on the inner 
surface of the lower lip ; in the vicinity of these 
excoriations numer ous petechiae observed. Similar 
)X‘techiae observed in the groove between the 
dental pad and upper lip. J.(achrymation was 
observed from both eyes. After 5 daj^s the lesions 
gradually disappeared. 

Xote . — On 19.3.33 this animal was also inoculated 
with the avirilent blood from case T, at Onlangs. 

4. t5. 33, inoculated as calf No. No reaction. 

5206 Note.— On 19.3.33 this animal inoculated with 5 c.c 

blood ex sheep No. 5 [ert/c experiment 1 (u)], and 
although no definite reaction was observed, it is 
more than likely that this animal was immunised 
as the blood was virulent. 

„ „ No reaction. 

Note . — This animal was inoculated on 19.3.33 as 
calf No. 6245. 

„ „ Temperature rose to 103 • 4® on third day and remained 

at this level for 6 days. No other lesions de sreloped. 


Summary of liesults. 

I. (Udves . — Sixteen calves w^ere used in this series of experiments, with the 
following results : — 

(a) Four out of the five calves wdiich had received an intranasal injection 
of mixture of blood, urine, emulsified necrotic tissue, and milk from 
the three sick cows reacted. The nature of the reactu>n8 w^ere similar 
in each case and were like thovse noted in calves wdiich reac‘ted to a 
subcutaneous or intravenous inoculation of hlcxid containing virus. 

This method of infection was subsequently tested out in sheep, and 
it was possible to set up a reaction by an iiitrauasal injection of virus 
containing material [vide experiment 10 (c)]. 

(h) BI(K>d collected from one of the above calves (No. 6) proved to be 
virulent since reactions were provoked in sheep and calves. 

(c) Calves 11, 12, 13, and 14 reacted to the virus after it had been passed 
through a sheep. The observations, how^ever, were curtailed, as the 
experiments at Welgezegend had to be stopped. 

(d) Calves 5206 and 5263 reacted after inoculation with blood from sheep 
37265. The lesions observed in the buccal and nasal cavities of calf 
6263 were like those seen in typical natural cattle cases, but of a 
comparatiTOly mild character. Calf 5204 developed a slight tempera* 
ture. 
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Jl. Sheep . — Six sheep were inoculated with this virus, and in all typical blue- 
tongue reactions were observed. Four of these animals died. 

111. Immunity Tests . — Calves 5245 and 5251, which were previously used in 
experiments 1 (a) did not react. 


Experiments 1 (c). 

Table to indicate the transmission experirnents undertaken with 
virus recovered from an affected ox. 


SICK OX. 


(Welgezegend). 


. Sheep 12 
R 

.Sheep 13 
Ri» 

.Sheep 14 
R 

.Sheep 15. 
Ril^ 


. Sheep 37328 . 
R 


> Sheep 
RK* 


16. 


I Sheep 37293. 

R 


N.B.— RasReaction. 

R^s Reaction terminatiiig in death. 
Neg.xrNo Reaction. 


. Sheep 37384 
R 

. Sheep 37267 . 
Rigi 

. Sheep 35512 
Neg. 

. Sheep 35779 
Neg. 

. Sheep 35797 
Neg. ' 

. Sheep 35774 
Neg. 

. Sheep 35551 
Doubt. React. 


. Sheep 37207 
R*fi 

. Sheep 37297 
RiSi 

.Sheep 37274 
R 

. Sheep 37464 
R 

. Sheep 37367 
R 


C 


Sheep 37280 
R 

Sheep 37373 
R 


^CaU 5292 
React. 

.Calf 5308 
React. 

l_Calf 5407 
React. 
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Table 1 (c). 

Experiments with Welgezegend Virus. — Frovi an affected ox. 


1 

No. of 

Date of Inoculation and 

Animal. 

Origin of Virus. 


Result. 


Sheep Ko. 12 

Sheep No. 13 
Sheep No. 14 


22*3.33^ 2‘5c.c. fresh blood 
ex sick ox, subcutaneously 


ifatal acute reaction. I.P. — 3 days. Died on 13th 
day. 

Acute reaction and recovery. I.P. — 3 days. 


99 


Sheep No. 15 


Fatal peracutc reaction. I.P. — 3 days. Dkd on 8th 
day. 


Sheep No. 
37328 


23.4.33. 2 5 c.c. partially 
decomposed blood ex sick 
ox, intraven. 

Note . — Blood kept for 35 days 
at O.R.T. and n(» preserva- 
tive added 


Fatal subacute reaction. I.P. — 3 days. Died on 16th 
day. In the last sta^^es (‘xtensive subcutaneous 
oedi'ma noted (c.f. dikkop horsesickness). 


Sheep No. 
37293 


j Fatal peracute reaction. I.P. — 2 days. Died on 7th 
j day. 


Sheep 

16 


No. 


30.3.33. 5 c.c. fresh blood ex 
sheep No. 15, siibcu- 
taneously 


Fatal acute reliction. I.P. — 5 days. Died on 12th 
day. In the last stages marked discharge of 
serous material and froth through nostrils (c.f. 
dunkop horsesickness). 


Sheep No. 
37267 


10.6.33. 1 c.c. blood ex sheep Fatal acute reaction. I.P.— 5 days. Died on 12th 
No. 37328, subcut. day. 

— Blood collected on 9th 
day, preserved in O.G.C. 
and kept in cold storage 


Sheep No. 
37384 


Fairly mild acute reaction and recovery. I.P. — 
7 days. 

Immunity Test. — 27th day, 1 c.c. virulent blood ex 
sheep Novo. — No reaction. 


Sheep No. 
35512 (B. 

T.V. sheep) 


2,6.33. 5 c.c. fresh defibri- 
nated blood ex sheep No. 
37293, subcut. 

Note . — Blood collected on 9th 
day 


No reaction. 


Sheep No. 
35779 (B. 
T.V. sheep) 


Sheep No. 
35797 (B. 

T.V. sheep) 

Sheep No, 
36774 (B. 
T.V. sheep) 

Sheep No. 
35551 (B. 

T.V. sheep) 


99 


99 


Mild acute reaction and recovery. I.P. — 4 days. 
Slight swelling and injection of buccal mucosa only 
symptoms noted. 
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Table 1 (c) — (contd.). 


No. of 
Animal. 

Bate of Inoculation and 
Origin of Virus. 

Result. 

Sheep No. 
37207 

2.5.33, 5 c.o. fresh defibri- 
nated blood ex sheep No. 
37293, subcut. 

Note . — Blood collected on 9th 
day 

Fatal acute reaction. I.P. — 6 days. Died on 12th 
day. 

Sheep No. 
37297 

Fatal acute reaction. I.P. — 6 days. Bied on 14th 
day. 

Sheep No. 


Subacute reaction and recovery. I.P. — 3 days. 

37274 


Sheep No. 

99 $9 


37464 



Sheep No. 



37367 



Sheep No. 
37280 

26.4.33, 5 o.c. blood ex sheep 
No. 16 

Note . — Blood collected on 8th 
day, preserved in O.G.C. 
and kept at O.R. tem- 
perature for 1 8 days 

Acute reaction. I.P. — 7 days. After the 13th day 
temperature rose again and (;ompli(3ation of broncho- 
pneumonia developed. Animal ultimately died 
from this. The broncho-pneumonia apparently a 
condition per ne. 

Sheep No. 
37373 


Subacute reaction and recovery. T.P. — days. 
Immunity Test . — On 27th day 1 c.e. virulent blue- 
tongue blood ex sheep Novo — No reaction de- 
veloped. 

Calf No. 6292 

77 . 5 . 33, 20 c.c. fresh blood ex 
sheep No. 37267, intra- 
venously 

•On the 3rd day temperature rose to 105 ■2'^ C., and 
after that an irregular temjjerature was observed 
with increases to 104° C. On the 4th day excori- 
ated areas were noticed on the mucosa of the upper 
and lower lips and localised hyperaemio areas 
noted on the rugae of the hard palate. On the 
6th day lesions on lips showed definite signs of 
healing and were practically completely healed 
on the 12th day. 

Calf No. 6308 

»» »» 

Irregular temperature no definite elevation. On the 
3rd day a slight amount of foam was noti(?ed in 
the mouth, and on the left side of the lower lip a 
small area was noted, the mucous membrane of 
which appeared necrotic, this area was *6 by •3cm. 
in size. Several hyperaemio areas were present on 
the rugae of the hard palate. Small excoriations 
were seen on the mucous membrance of the nostril 
close to the borders. On the 6th day several new 
superficial necrotic lesions were observed on the 
mucous membrane of the upper and lower lips 
and the hyperaemio areas on the hard palate 
appeared more extensive. By the 12th daj the 
lesions appeared practically healed out. 
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Table 1 (c) — (contd.). 

No. of 
Animal. 

Bate of Inoculation and 
Origin of Vims. 

Result. 

Calf No. 6407 

J7.5.33, 20 c.c. fresh blopd 
ex sheep No. 37267, intra- 
venously 

1 

Rise of temperature on 3rd day and remained at 
104° for 24 hours. On the 3rd day the lower lip 
appeared distinctly swollen and protruded slightly. 
The gums of the incisors appeared reddened and on 
the inside of the lower lip two fairly extensive 
areas (1 5 by 2 cm.) were present, the borders of 
these lesions liad a distinct red zone (vide plate 
(xvii). Similar lesions appeared on other sites of 
the lower lip and also on the upper lip during the 
course of the next few days. Hyperaemic areas 
w(»re also observed on the hard palate. On the 
12th day the lesions were praetically healed out. 


SutniiKuy of Hendfs. 

1 . Sli(*ri)[ — 

(a) Fifteen sheep were iiicKulated with this strain* and all clevelt)ped typical 
hlueton^ue reactions. 

(h) Seven died. 

2. ('(drc.s. — Three calves reacted to the virus after it had been passed through 

two generations of sheep. The lesions were again very sinidar in all cases 

and like those noted in other experiments. 

d. Immunity : — 

(o) Two sheep w'hich recovered from this cattle virus were inoculated w’lth 
virulent bleutongue virus recovered from a sheep and w^ere found to 
be immune. 

(h) Five hluetongue vaccine sheep ivere inoculated and four j)roved to he 
completely iminunc‘, wliilst one showed a slight reaction. 


(2) Kxpkkimknts with Kromdraai Virus. 
PeM'nption of fhr Outbreak. 


One animal became affected in this herd. 

Ilmfory . — Tlie oivner noticed a sudden reduction in the milk yield of the 
affected cow and at the same time ohserA’ed a somewhat lame and stiff gait. 
On the next day marked salivation developed. Sores w^ere discovered on the 
buccal mucosa. Foot and mouth disease was susiiected and the case reported 
as such. 

The Case . — A mature Friesland cow' in poor condition. 

The cow was first examined on 18th March, 19**13. It w^as found standing 
wnth the back arched and head hanging down. It woiihl not feed and rumina- 
tion was in abeyance. There was fairly marked salivation and a profuse nasal 
discharge. This discharge was mucoid in nature. The muzzle was hot, dry, 
and very red. In places, especially towards the upper lip, the epidermis 
appeareti necrosed. The temperature was elevated (104-5°, morning). 
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Fairly extensive superficial necrotic lesions were present on the dental 
pad, border^ of the lips, and on the ventral aspect of the tongue. These areas 
were covered with a yellowish material. 

The animal was distinctly lame, and the limbs in the region of the fetlocks 
swollen. The skin, particularly on the plantar aspect of the digit, was red 
and a small amount of partly dried exudative material on the surface. The 
teats were all very red, hot, painful, and covered with a thin tough scab. 

This cow was kept under very close observation. About four days later 
the mouth lesions showed distinct signs of healing, but now an extensive 
dermatitis developed. A distinct reddening of the unpigmented portions was 
first seen, and a serous material appeared on the surface. At this stage the 
skin was distinctly sensitive to the sun, and the cow was usually found shelter- 
ing in the shade. Subsequently hard crusts and scabs formed on practically 
the entire skin. The animal was now in a pitiful condition and was frequently 
struck with blow flies, especially round the mouth and in the flanks. 

Hard and thick scabs formed on the teats. The scabs on the teats, muzzle, 
and the skin subsequently peeled off. 

The owner was greatly concerned with the condition of his beast and very 
carefully nursed it. There is no doubt that if it had not been for this care, the 
animal would have died. She ultimately made a complete recovery. 

A sample of blood was collected on 20th March and the following experi- 
ments undertaken : — 


SICK COW^ 
Krotndraal 


.Sheep 16 

R (?) 

.Sheep 17 
R 

.Sheep 18 
R 


..Sheep 19 
R 


I— Sheep 37302 
RlS4 


r-^heep 37454 J 
R 


.Sheep 37679 J 

RiJ^ 


, Sheep 36519 

Neg. 

L. Sheep 36538 
Neg. 

L. Sheep 36580 
Neg. 

Sheep 36870 
Neg. 

I Sheep 36962 

Neg. 


,__ShM^ 37691 


.Sheep 37SI0 


I— Sheep 37453 
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Table 2 . 

Experiments with Kromdraai Virus. 


No. of 
Animal. 

Date of Inoculation and 
Source of Virus. 

Result. 

Shoep No. 16 

22.3. 33, 5 0 . 0 . blood ex cow at 
Kromdraai subcutaneously. 
Note. — About equal quantity 
of glycerine added as pre- 
servative 

Fairly mild and somewhat delayed reaction. I.P. — 
9 days. 

Sheep No. 17 

»» tt 

Fairly mild acute reaction and recovery. I.P. — 5 
days. 

Sheep No. 18 

>» »» 

Fairly mild acute reaction and recovery. I.P. — 6 
days. 

Sheep No. 19 

»» 

Acute reaction and recovery. I.P. — 5 days. 

Sheep No. 

37302 

6.5.33t 2 c.c. blood ox cow 
Kromdraai, intravenously 
Note. — Equal quantity of 
glycerine added and stored 
at O.R. temperature for 47 
days 

Fatal subacute reaction. I.P. — 9 days. Died on 
22nd. 

Note. — In the later stages a marked discharge of 
ingesta through the hose (c.f. similar condition 
in horsesickness). 

Sheep No. 

37452 

»» »» 

Fatal acute reaction. T.P. — 9 days. Died on I4th 
day. 

Note. — A marked discharge of mucus through the 
nostrils in the later stages and a marked oedema of 
the glottis diagnosed at p.m. {vide appendix B). 

Sheep No. 

37454 

0.5.33^ 5 0 . 0 . blood ex sheep 
No. 18 

Note. — Blood collected on 6th 
(hiy, preserved in O.G.C. 

[ and stored at O.R.T. for 39 
days 

Fatiil peracute reaction. T.P. — 4 days. Died on 9th 
day. 

Sheep No. 

37679 

** 

Subacute fatal bluetongue reaction. I.P. — 7 days. 
Died on 17th day. 

Note. — On the 12th day a marked discharge of mucus 
from nostrils, subsequently complication of 
broncho-pneumonia develoi)t‘d, prolmbly as a result 
of aspiration of food. 

Sheep No. 

37810 

1G.5.33j 1 c.c. fresh blood ex 
sheep No. 37464, snbeu- 
taneously 

Note. — Blood collected on 
10th day 

Fatal |K*racute reaction. I.P. — 7 days. In. ex- 
tremis on 12th day and destroyed. 

Shoep No. 
37691 


Fatal peracute reaction. I.P. — 6 days. Died on 
10th day. 

Note. — ^Temporature never very high. 

Sheep No. 
36519 (B. 
T.V. shoep) 

If 

No reaction. 


i 
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Table 2 — (contd.>. 


No. of 
Animal. 

Date of Inoculation and 
Source of Virus. 

i 

Result. 

Sheep No. 
36538 (B. 
T.V, sheep) 

16.6.33, 1 c 0 . fresh blood ex 
sheep No, 37454, subcu- 
taneously. 

Note — ^Blood collected on 
10 th day 

No reaction. 



Sheep No. 
36580 (B. 
T.V. sheep) 

»» »» 

»» »» 



Sheep No. 
36870 (B. 
T.V. sheep) 

>» »» 

t »» » 



Sheep No. 
36862 (B. 
T.V. sheep) 

t» 9* 

»» »» 




Summary of Eesults. 


In Sheep; — 

(a) Ten susceptible sheep were inoculated with this cattle virus and all 
reacted, 

(b) In the first generation two out of six sheep inoculated died. In sub- 
sequent generations four sheep were Inoculated and all died. 

(c) Five bluetongue vaccinated sheep were inoculated with this strain 
and all were found to be completely immune. 


(3) Exfrrimexts with Dabling Cattle Virus. 

Description of the Outbreak, 

Only one animal, a black Friesland heifer, became affected in this out- 
break. The heifer was first noticed to become lame; later salivation was 
observed. Sores were discovered in the mouth and the case reported as foot 
and mouth disease. 


The Case . — The animal was examined on 12th April, 1933. Temperature: 
106° (at 5 p.m.). 

It was distinctly stiff and the lower portion of all four limbs somewhat 
swollen. A slight amount of salivation was observed. Superficial necrotic 
lesions were present on the dental pad, lips, and ventral surface of the tongue, 
^e conical papillae were enlarged and their tips dirty grey in colour. 
Hyperaemia was masked by the natural pigmentation. 
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A Biiniple of blood was collected and the following experiments under- 
taken : — 


Table to indicate the transmission experiments with Darling cattle virus. 


Sheep 37768 

1 R •i' 


L_ Sheep 37843 
R 


Sheep 37680 

I R 


SICK HEIFER 


Darling. Standerion 


e 

w 

w 


Sheep 36622 
I Neg. 

L. Sheep 36636 
\ Neg. 



Sheep 36822 
Neg. 

Sheep 36870 
Neg. 

Sheep 36904 
Neg. 


I Sheep 37165 

R 
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Table 3. 


Experimen t s with Darling 


No. of 
Animal. 

Bate of Inoculation and 
Source of Virus. 

Result. 

Sheep No. 

6.5,33, 5 o.c. blood ex cow 

Subacute reaction and recovery. I.P. — 4 days. 

37680 

Barling, intravenoualv 

Note , — Blood collected on 
12.4.33, preserved in equal 
quantity of glycerine and 
stored at O.R.. temperature 

Immvnity Test . — On 30.5.33, i.o. 24th day, 1 c.c. 
virulent bluetongue blood ex sheet Novo — ^no 
reaction observed. 

Sheep No. 
37166 

» ft 

Fatal subacute reaction. I.P. — 4 days. Died on 
18th day. 

Sheep No. 

16.5.33, 1 c.c. fresh blood 

Fatal acute reaction. I.P. — 4 days. Bied on 11th 

37768 

ex sheep No. 37680, sub- 
cutaneously 

Note . — Blood collected on 
10 th day 

day. 

Note . — Extensive subcutaneous oedema and torticollis 
in later stages. 

Sheep No. 

37843 

>9 99 

Acute reaction and recovery. I.P. — 8 days. 
Immunity TeM . — Tested as sheep No. 37680 and no 
reaction observed. 

Sheep No. 
36622 (B. 
T.V. sheep) 

99 99 

No reaction. 

Sheep No. 
36636 (B. 
T.V. sheep) 

ft 99 

99 99 

Sheep No. 
36822 (B. 
T.V. sheep) 

99 99 

99 99 

Sheep No, 
36870 (B. 
T.V. sheep) 

99 

• 

»» 99 

Sheep No. 
36904 (B. 
T.V. sheep) 

99 99 

99 99 


Summary of liesults. 

1, In Sheep . — Four normal sheep were inoculated witli blood from this heifer 

and all developed typical bluetongue reactions. Two animals died. 

2. Immunity : — 

(a) Two recovered sheep were immune to a virulent bluetongue virus 
recovered from a sheep. 

(h) Five bluetongue vaccine sheep which were inoculated with this cattle 
virus and were found to be completely resistant. 

4. Experiments with Elandslaaote Cattle Virits. 

Description of the Outbreak, 

Histo7‘y . — Only onb animal became affected in this herd. According to the 
owner, this heifer suddenly developed an illness on 23rd April. He observed 
a blood-stained mucous discharge from the nose. The lower portion of the 
head appeared swollen, and the hind limbs, from the hocks to the claws, were 
also swollen. On these parts superficial skin lesions were observed, from which 
a serous exudate escaped, and which later actually bled. The case was reported 
as an unknown disease, with strong suspicion of foot and mouth disease. 
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The Case . — ^Tlie animal, an IS-months-old Friesland heifer, was examined 
on 25th April. It appeared slightly dull and did not feed, llumination was 
in abeyance. The temperature was elevated (105 *8°). Slight salivation was 
observed, and there was a marked nasal discharge. The discharge was slightly 
blood-stained and contained a lew small pieces of coagulated blood. 

Numerous dark red spots and areas (jietechiae and ecchymosis) were seen 
on the injected mucosa of the nasal cavities, inner surfaces of the lips, cheeks, 
and tongue (jiarticularlv on the ventral surface of the apex). There was a 
slight watery dis(*harge irom both eyes, and numerous petechiae and ecch 3 ^mo 8 es 
were pi’esent in the mucosa. 

The gum at the loots of tlie incisor teeth ajipearod excoriated and covered 
Avith dark grey coloured mati'rial. The underlying tissues bled easily. The 
hard palate appean^d somewhat swollen, excoriations in the sulci, and the 
rugae markedly injected. Tlie superficial necrotic process in the sulci was most 
extensive, and practically the entire palate was involved. 

Th(‘ vagina was markedly swollen and the mucosa reddened with numerous 
petechiae and ecchyrnoses. A fairly extensive, bleeding skin lesion was present 
on the side of the vagina. The hind limbs were swollen and a number of skin 
lesions similar to that near to the vagina were present. 

Bloodsmears were examined, but no organisms were seen. 

The heifer died that same night, rnfortunately, a post-mortem examina- 
tion was impossible. A sample of bhaid was taken, and the following experi- 
ments undertaken: — 

Sheep 37426 

r R 


BlomJ-sick heifer, 
Elandslaagtc 


L.. Sheej) 37335 
R 

Table 4. 


Experiments with Elandslaagfe Virus. 


No, of 
Animal. 

Date of Inoculation and 
Source of Virus. ^ 

Result. 

Sheep No. 
37335 

20.4.33^ 5 e.c. defibrinaied 
blood ex heifer, Elands- 
laagte 

Note . — Blood collected on 
25.4.33 

Subacute reaction and recovery. T.P. — 4 days. 
Immunity Test . — On 22.5.33, i.e. 27th day, 1 c.c. 
virulent bluetongue blood ex sheep Novo, sub- 
subcutaneousl 3 \ No reaction. 

Sheep No. 

37426 

»» 

Fatal subacute reaction. I.P. — 7 days. In ex- 
tremis on 18th day and destroyed. In the later 
stages extensive subcutaneous oedema and marked 
oedema of the tongue which protruded prominently. 
Also discharge ingostta through nostrils. 


Summary of Besults. 

1. In Sheep , — Two sheep were inoculated with blood from this case, and both 

developed severe bluetongue reactions. The one animal was destroyed m 

extremis. 

2. Immunity . — The sheep which recovered from the above reaction proved to 

be immune to Novo sheep strain of virulent bluetongue. 
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(5) Experiments with Novo Cattle Virus. 

Description of the Outbreak, 

History , — The disease made its appearance in a herd of Friesland milking 
cows on the above farm. In all five cases were observed. The owner suspected 
foot and mouth disease. The outbreak was first investigated by C. C. Wessels, 
Government Veterinary Officer. The usual description of the disease was given, 
viz., stiffness, followed by marked salivation, sores in the mouth, and later 
the teat and skin lesions. 

Description of Vases . — The affected cows were again examined on 26.4.33, 
and most were now in a stage of recovery. The lesions noted in two of the 
cases deserve special mention. In one of these, the epidermis on a small 
unpigmented jiortion of the skin of the upper flank was peeling off {vide 
Fig. 12). The owner was very definite that this condition of the skin was 
associated with this stomatitic disease, evidence of which was still seen on 
the ventral surface of the tongue, where the mucosa along the frenum linguae 
was thickened and covered with a scab {vide Fig. 6). There appears to be 
little doubt that the dermatitis observed in this disease developed in this 
case, and the lesion was confined to a fairly small unpigmented portion of 
skin. 

[n the other case well-marked lesions were still present on the ventral 
surface of the tongue. The mucosa was thickened and covered with a fairly 
tough brown coloured deposit {vide Fig. 7). The epidermis of thinner portions 
of the skin, e.g. at the root of the tail, was peeling off {vide Fig. 8). Hard 
scabs were still adherent to the teats. A sample of blood was taken from this 
case, and the following transmission experiments were undertaken: — 

Table to indicate the transmission experiments with Novo cattle virus. 



470 



J. G. BEKKEE, G. V. D. W. DE KOCK, AND J. B. QUINLAN. 


Table 5. 

Experiment with Novo Cattle Virus. 


No. of 
Animal. 

Date of Inoculation and 
Source of Virus. 

Result. 

Sheep A 

26.4.33, 5 c.c. fresh blood ex 
cow Novo 

Fatal acute reaction. Died on 10th day. 

Note . — This animal was kindly provided by the owner 
and left on the farm. Mr. C. C. Wessels examined 
the animal after the onset of the reaction. 

Sheep B 


Acute reaction and recovery. 

Sheep No. 

87303 

27.4.33, 10 0 . 0 . defibrinated 
blood ex cow Novo, intra- 
venously 

Acute reaction and recovered. I.P. — 10 days. 

Note . — Somewhat delayed reaction. 

Immunity . — Dn 22.5.33, i.e. 25th day, 1 c.c. virulent 
bluetongue blood ex sheep at Novo — no reaction 
observed. 

Sheep No. 

37428 


Subacute reaction and recovered. I.P. — 2 days. 
Immunity . — Tested as sheep No. 37303, and no 
reaction observed. 


Summary of Be.tults. 

In Sheep. — Four Kheep were inoculated with blood from one of the Novo 
cattle cases and all reacted. One died. 

hnm unity. — Two of the above sheep were in(K‘ulated with bluetongue virus 
recovered from a sheep on this farm and were found to he immune. 

(0) Expbkiments with Montague Cattle Virus. 

Description of the Outbreak, 

Only one case was observed in this herd, and the owner suspected foot and 
mouth disease. The nifected animal was a dry shorthorn cow. The typical 
stiffne.ss was seen in the early stages, and subsequently mouth lesions and a 
swelling of the lower parts of the limbs were observed. The animal was 
examined on 26th of April, i.e. 12 days after the first syraptopis had appeared. 
The mouth lesions were found to be practically healed, but evidence of the 
necrosis on the ventral surface of the tongue was still present. The mucosa 
along the frenuni linguae appeared thickened, somewhat folded and covered 
with a brown coloured dejiosit. The epidermis of portions of the skin, e.g. 
at the root of the tail, was peeling off. No teat lesions were observed in this 
case. Blood was collected, and the following transmission experiments under- 
taken : — 


The Transmission Experimefits with Montague Cattle Virus. 

Sheep 37174 

rR.. 


Sick cow, 

Montague, Smithfield 


_ Sheep 37229 

R. 
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Table 6. 

Experiments with Montague Virus, 


1 

No. of 
Animal* 

i 

Date of Inoculation and 
Source of Virus. 

Result. 

Sheep No. | 
87174 j 

28,4,33^ 10 c.c. blood ex cow, 
Montague 

Note . — Blood collected on 
26.4.33 only defibrinated 

Subacute reaction and recovery. I.P. — days. 
Immunity Test — On 22.5.33, i.e. 25th day, 1 o.o. 
virulent bluetongue blood ex sheep Novo, sub- 
oiitaneously. No reaction observed. 

Sheep No. 
37229 

it ft 1 

1 

Subacute reaction and recovery. I.P. — 5 days. 
Immunity Test , — Same as with sheep No, 37174. No 
reaction observed. 


Summary of Besidts. 

Two sheep were inoculated with this strain, and both reacted and sub- 
sequently proved to be immune to bluetongue virus recovered from a sheep. 


(7) Experiments with Onlangs Cattle Virus. 

History of the Outbreaks, 

Throe animals of a nondescript type were affected in this herd. 

According to the owner the first case w'as observed on 4tli of April. This 
animal suddenly became ill ; she showed no inclination to feed and slight 
stiffness was observed. On the next day another case was discovered. By the 
7th both animals salivated and sores were discovered in the mouths and teats. 
One of the affected cows, died on the 8th. The occurrence of this unknown 
disease caused anxiety in the neighbourhood and a virulent form of foot and 
mouth disease was susiiected. 

The herd was inspected on 10th April, 1933, and the following cases were 
found ; — « 

Case No, 1. — A red and white shorthorn cow in poor condition, about 8 
years old, in milk. The cow was found lying down. When forced to rise it only 
stood for a few minutes. The feet were apparently very painful, and the 
animal could not support itself when one foot was raised for examination. 

The temperature was only slightly elevated (103 -8° at 4 p.m.). Foaming at 
the mouth was observed. The muzzle was very red and partly covered with a 
brown scab which was firmly adherent to the underlying tissues. Similar 
lesions were present at the opening of the nostrils, which were also encursted 
with partially dessicated mucus. The lips were swollen and along the borders 
covered with a yellowish deposit. The conical papillae, especially at the com- 
missures of the mouth, appeared swollen and their tips were necrotic. Exten- 
sive necrotic lesions were present on the dental pad, in the groove between 
the upper lips and dental pad, and on the gums along the posterior aspect 
of the incissor teeth. The tongue was swollen and red, the mucosa of the 
ventral surface was excoriated. All the teats similarly excoriated and covered 
with a thin, tough scab. The lower part of all four feet from above the 
fetlock to the claws were swollen and the skin, especially on the plantar surface, 
red, hot, and painful. 

Pathological-anatomical changes noted in this animal: — 

(1) Necrosis of the epithelium of the muzzle, external nares, dental 
pad, upper and lower lips, gums, ventral aspect of the tongue. 

(2) Diffuse superficial necrosis of the epidermis of teats. 

(3) Acute dermatitis (stadium rubosa) of the skin of the digits. 
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Blood was taken from this animal, but as indicated on the following table 
the presence of bluetoiigue virus could not be established in the series of 
transmission experiments: — 

Table to indicate transmimon expenments imdertahen with suspected 
virulent material^ case 1, Ordangs. 



Calf 5206 
Neg. 


Calf 5263 
Neg. 


Sheep 35530 
Neg. 

Sheep 35515 
Neg. 

Sheep 35550 
Neg. 

Sheep 35778 
Neg. 


Sheep 37069 
Neg. 

Sheep 37081 
Neg. 

Sheep 37078 
Neg. 

Sheep 37070 


Temperature 


Sheep 37310 
Neg. 

( Peritonitis) 

Sheep 37430 
Neg. 
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Table 7 (a). 

Expeiimenis with Onlanga Virus, case 1. 


No. of 
Animal. 


Reaction Tests. 

Immunity Tests. 

Bate of 


Bate of 


Inoculation and 

Result. 

Test and 

Result. 

Source of Virus. 


Source of Virus. 



Oalf No. 6206 

19.4,33, 6 c.o. 

No reaction 

4.6,33, 10 c.o. 



blood ex case (i)» 


blood ex sheep No. 



Onlangs, subcut. 


37265 subcut. 



JVote. — blood in 0. 
G.C. and stored for 
14 days at O.R.T. 


(AVelgezegend cat- 
tle virus) 

Oslf No. 6263 

t* 

»* 

Sheep 

No. 

19.4.33, 1 c.c. 



35530 

(B. 

blood of case (i). 



T.V. sheep) 

Onlangs, subcu- 





taneously 



Sheep 

No. 



— 

35515 

(B. 




T.V. sheep) 




Sheep 

No. 

>♦ 




35550 

(B. 




T.V. sheep) 




Sheep 

No. 


»» 


35778 

(B. 




T.V. sheep) 



‘ 

Sheep 

No. 

tt 

No reaction. (Vague 

10.6,33, 1 c.o. viru- 

37069 



temperature ap- 
parently of no sig- 

lent B.T.V. blood 
ex Sheep Novo 




nificance) * 

Sheep 

No. 

»» 

No symptoms of 

— 

37081 



bluotongue. (Rise 
in temperature and 
animal died on 4th 
day) 

No reaction. (Vague 


Sheep 

No. 


10.6.33, as sheep 

37078 



temperature, but 
no other symp- 
toms) 

No. 37069 

Sheep 

No. 

ff 

No reaction (?), 


37070 

Sheep 



slight rise in tem- 
perature on 6th 
and 7th days 


No. 

26 »4»33, 5 0,0, hlood. 

No symptoms of 


37319 


ex sheep No. 37070 
subout. 

Note. — blood col- 

bluetongue. On 
11th day rise in 
temperature and 
died same day. 




lected on 7th day 




when a slight rfse 

Cause of death per- 




in temperature was 

foration peritonitis 




noted 

{nide appendix C) 


Sheep 

No. 

>» 

No reaction 

22.6.33flo.c. viru- 

37430 




lent. B.T* blood 
ex sheep Novo 


Reaction. [Vide 
expt. 1 (c)]. 


Subacute reaction. 
I.P. — 4 days. 


Fatal acute re* 
action. I.P. — 4 
days. Died on 
16th day. 

Acute reaction. L 
P. — 6 days. 


Subacute reaction* 
I.P. — ^6 days. 
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Summary of Besidts, 

It was impossible to demonstrate the presence of virus in blood taken from 
this case. That the sheep were susceptible is proved by the reactions brought 
about by Novo sheep virus. 

In several animals vague rises in temperature was recorded, but appa- 
rently this was of no significance, since blood taken from one such case was 
tested on sheep and found to be avirulent. 

Case No, 2. — This was a more recent case and this heifer was first noticed 
to be ill on 9th April. The lesions were mild when compared to those seen in 
Case No. 1. The necrotic lesions were confined to a fairly small area of the 
dental pad, and only a few papillae showed pathological changes. The tem- 
perature was somewhat elevated (104 *6°). A sample of blood was collected on 
the 10th and the following experiments undertaken: — 

Table to indicate the transmission experiments with cattle virus recovered 

from, case 2, Onlangs. 


_Sheep 37678 

R. 


Sick heifer, case 2, 
Onlangs, Frankfort 



Sheep 

"H. 


Sheep 

R. 


— Sheep 
Neg. 



_ Sheep 
Neg. 


—Sheep 

Neg. 


37730 

37861 

36631 

36674 

36852 

36853 


pq 


„ Sheep 36918 
Neg. 


Sheep 37405 
“R. 
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Table 7 (6), 



1 

1 Keaotion Tests. 

Immunity Tests. 

No. of 
Animal. 

Date of 

Inoculation and 
Source of Virus. 

Result. 

Date of 

Test and 
Source of Virus, 

Result. 

Sheep No. 
37678 

6.$,33t5 o.c. blood 
ox cattle, case (ii), 
Onlangs, intra- 
venously 

Note . — Blood pre- 
served in O.G.C. 
and stored for 27 
days 

Acute reaction. I. 
P. — 3 days 

30.5.33tl c.c. viru- 
lent bluetongue 
blood ex sheep 
Novo subcutane- 
ously 

Very doubtful re- 
action, i.e. slight 
rise in tempera- 
ture and slight in- 
jection of buccal 
mucosa. 

Sheep No. 
37406 


Fairly mild acute 
reaction. I,P. — 5 
days 

ff 

No reaction. 

Sheep No. 
37730 

26.5,33y 1 o.c. fresh 
blood ex sheep No. 
37678 subcutane- 
ously 

Fairly mild acute 
reaction. I.P. — 7 
days 

9.6.33, 1 c.c. viru- 
lent bluetongue 
blood ex sheep 
Novo, subcutane- 
ously 


Sheep No. 

37861 


Subacute reaction. 
I.P. — 0 days 


•» 

Shopp No, 
36631 (B. 

T.V. sheep) 


No reaction 

— 



Sheep No. 
36674 (B. 

T.V. sheep) 

tf 

1 

$9 

— 

— 

Sheep No. 

36862 (B. 
T.V. sheep) 

- 


— 

— 

Sheep No. 
36863 (B. 
T.V. sheep) 

y* 


— 

— 

Sheep No. 

36918 (B. 

T.V. sheep) 

y» 



— 


! 


Summary of Results, 

1. In Sheep . — Four susceptible sheep were inoculated with blood collected from 

this case (case 2) and all developed typical reactions. 

2. Immunity: — 

(a) Five bluetongue vaccine sheep were immune to this cattle virus. 

(h) The four sheep which had recovered from the reactions produced by 
the cattle virus were tested with virulent bluetongue virus recovered 
from a sheep and three were immune. In one animal a very doubtful 
reaction resulted. 
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(8) Experiments with Swahtland Virus. 

Description of Cases. 

On the 11th May, 1933, the herd oi 275 mixed cattle on this farm was 
examined and 25 animals were found affected with a disease of which the 
following IS a descnption : “The animal stands dull and listless with the 
head hanging and the ears drtK>]>mg. The feet are somewhat bunched together. 
There is marked luchrymation and profuse salivation, the saliva hanging in 
strings from the lips. There is a discharge of thick mucus from the nose. 

The breath is extremely foetid. The borders of the lips are excoriated and 
covered with a diphtheritic deposit. The frenum linguae is ulcerated and 
covered with a diptheritic deposit.? In most cases a aimiUir lesion extends 
along the lateral portion of the fixed part of the tongue; the lesion is most 
extensive. In one case the whole dorsum of the tongue was necrotic and 
peeled off when handled. The palate in some cases also showed similar lesions, 
which, however, were less extensive. 

The loot lesion was very similar in each case. Jt begins as an acmte 
cororiitis especially towards the anterior part of the cleft. It then extends 
around the coronet and through the interdigital space, and appears to be 
particularly acute on the bulbs of the heel. No very recent lesifnis were found 
in the various casiw. The skin above the coronet was found to he in a state 
o1 dry necrosis. The necrotic skin was firmly adherent to the underlying 
tissues from which it was difficult to remove, leaving a. bleeding surface.” 

Blooil was collected from two of tlH*se cases, and the following trans- 
mis.'^ion experiments undertaken: — 

.Sheep 3a533 

I Neg. 


Swartland cattle, 
case 1 


! — Sheep 36541 
Neg. 


Sheep 36878 

1 Neg. 


vSwartland cattle, 
case 2 


„Sheop 36814 
i Neg. 


l-~Sheep 36929 
Neg. 


Ll^heep 3690JL 
Neg. 
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Table 8. 

Experiments with Swartland Virus, 


No. of 
Animal. 

Date ot 

Inoculation and 
Origin of Vinjs. 

Result. 

Immunity Test : 
Date and Origin 
of Virus. 

Result. 

Sheep No. 
36633 

12.6.33, 6 0.0. defi- 
brinatcd blood ex 
case 1, Swartland 

No reaction 

35.5.33, ] c.o. blood 
ex sheep No« 37331, 
i.e. Welgezegend 
cattle virus 

Acute reaction and 
recovery. I.P* — 6 
days. 

Sheep No. 
36641 

»» 


ft 

ft 

Sheep No. 
36878 

27.5.33, 6 0 . 0 . defi. 
brinated blood ex 
case 2, Swartland 
Note . — blood stored 
in ice chest for 16 
days. 

>» 

19.6.33, 2 c.c. blood 
ox sheep No. 37328, 
i.e. Welgezegend 
cattle virus 

Subacute reaction 
and recovery. I.P. 
-~4 days. 

Sheep No. 
36929 

99 

No reaction. (Slight 
rise in temp, on 
12th day) 

ft 

Mild reaction. I.P. 
— 4 days. 

Sheep No. 
36814 

9.5.33, 2 0 . 0 . blood 
ex sheep No. 36929 

n 

5.7.33, 1 c.c. blood 
ex blu^onguo 

sheep Novo 

Subacute reaction 
and recovery. I.P. 
— 6 days. 

Sheep No* 
36901 

ft 

» 


Subacute reaction. 
I.P. — 6 days. 


Summary of liesults. 

It was impossible to demonstrate the*presence of an infective agent in the 
blood of these cases. The avirulence of the blcx)d can ])robably be attributed 
to the fact that both were old oases. 


(9) Experiments with a Strain of Blitetonoite Virus Recovered from a 
Sheep in a Field Outbreak on the Farm Novo, Wbpener District. 

History , — Sheep first note,d ill on 24.4.33. 

Description.— -YuKamlned on 26.4.33. A marked muco-haemorrhagic dis- 
charge from the nose was present and fairly extensive excoriations were noted 
on the nose, lips, tongue, cheeks, and vulva. The buccal mucosa was markedly 
injected. 

A large sample of blood was taken from this animal and preserved in 
O.G.C. mixture. This sample proved to be virulent, as will be seen in the 
series of experiments given in Table 9. Virus contained in this sample was 
used for testing the immunity of sheep which had recovered from the reactions 
produced by cattle strains. 

Note. — I t will be noticed that a large number of sheep was inoculated 
with this virus ; many of these sheep were used as contacts and controls of 
hatches of sheep used in the experiments with the cattle strains. Some of 
these showed vague temperature reactions, and it became necessary to test 
their immunity. 
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Table to indicate the transmissions undertaken with hi uefongue 
ex a natural case in n sheep at Novo. 


Natural Case of 

Blue-Tongue ( Sheep) 
Novo, Wepener 


Sheep 37068 

R 

Sheep 37069 

R 

Sheep 37070 

R 

Sheep 37073 

R 

Sheep 37076 

R 

Sheep 37079 

R 

Sheep 37078 

R 

Sheep 37080 

R 

Sheep 37083 

R 


Sheep 37084 

R 

Sheep 37086 

R 

Sheep 37088 

R 

Sheep 37089 

R 

Sheep 37090 

R 

Sheep 37168 

R > 1 * 

Sheep 37200 

R 

Sheep 37814 

R 

Sheep 36901 

R 


3 

'OL 

C 

o 

H 


Sheep 35520 
Slight R 

Sheep 35533 
Neg. 

. Sheep 35793 
Neg.(?) 

Sheep 35799 
Neg. 

. Sheep 35801 
Neg. 


virus 


479 



CKX'UKKKN(’K AND IDENTlFinAI ION OF BLUETONGtJE TN CATTLE. 


Table 9. 

Experiments with Virulent Bluetonnue Virus, ex Sheep, in a Field Outbreak 
at Novo, Wepener, 0,F,S. 


No. of 
Animal. 

Date of Inoculation and 
Source of Virus. 

Results. 

Sheep No. 
37168 

28.4,33, 10 c.c. defibrinated 
blood ex sheep at Novo, 
intravenously 

Note. — Blood collected on 
26.4.33 

Fatal acute reaction. I.P. — 3 days. Died on 11th 
day. 

Sheep No. 
37200 

It t» 

Subacute reaction and recovery. I.P. — 6 days. 
Immunity Test. — On 26th day 1 c.c. fresh blood ex 
sheep No. 37328 (Welgezegend cattle virus). 
No reaction observed. 

Sheep No. 
37068 

10.5.33, 1 c.c. blood ex sheep 
Novo, subcutaneously 

Note. — Blood collected on 
26.4.33 and preserved in 
O.G.C. and stored in re- 
frigeratt)r 

Subacute reaction and recovery. I.P. — 4 days. 

Sheep No. 

#» »» 

Subacute reaction and recovery. I.P. — 2 days. 

37069 



Sheep No. 
37073 

>» *t 

Mild pcracute reaction and recovery. I.P. — 4 days. 
Note. — Only temperature and injection of mucosa of 
bu(.cal cavity. 

Sheep No. 
37070 

fl M 

Subacute reaction and i*ecovcry. I.P. — 4 days. 



Sheep No. 
37076 

$9 tt 

Acute reaction and recovery. I.P. — 6 days. 

Sheep No. 
37078 

*r tt 

Acute reaction : Complication of peritonitis, the 
result of theimometcr perforation of rectum. 
I.P. — 6 days. Died on 12th day, result of peri- 
tonitis complication. 

Note. — Extensive oedema of subcutis noted on 8th 
day. 

Sheep No. 
37079 

M tt •> 

Fatal acute reaction. I.P.-^ days. Died on 14th 
day. 

Sheep No. 

W ft 

Acute reaction and recovery, I.P, — 6 days. 

37080 


Sheep No. 

ft 

Subacute reaction and recovery. I.P. — 5 days. 

37083 


Sheep No. 
37084 

tt f, 

j ' 

»* ft ft 

Sheep No. 
37086 

ft ,, 

Peracute fatal reaction. I.P. — 6 days. Died on 11th 
day. 
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Table 9 — (contd.). 

No. of 
Animals. 

Date of Inoculation and 
Source of Virus. | 

Result 8. 

Sheep No. 
37088 

10,5.33t 1 c.c. blood ox sheep 
Novo, subcutaneously 

1 Note , — Blood collei.ted on 
26.4.33 and preserved in 
O.G.C. and stored in re- 
frigerator 

Subacute reaction and recovery. I.P. — 5 days. 

Sheep No. 
37089 

$9 99 

Fatal acute reaction. I.P. — 8 days. Died on J4th 
day. 

Sheep No. 

37090 

»> if 

Acute reaction and recovery. I.P. — 7 days. 

Sheep No. 

35620 (B. 

T.V. sheep) 

22.5.33i 1 c.e. blood ex sheep 
Novo 

Mild acute reaction and recovery. I.P. — 5 days 
Slight injection of mucus membrane of mouth 
noted on 7th day. 

Sheep No. 

35533 (B. 

T.V. sheep) 

99 •* 

No Reaction. 

Sheep No. 
35801 (B. 

T.V. sheep) 

V 

Abortive reaction, i.o. only a rise in temperature. 
I.P. — 5 days. 

Sheep N«). 
35793 (B. 

T.V. sheep) 

if M 

No reaction. 

Sheep No. 
35799 (B. 
T.V. sheep) 


it f* 

Sheep No. 

36901 

Sheep No. 

36814 

6,6.33, 1 e.e. blood ex sheep 
Novo 

Subacute reaction and recovery. I.P. — 6 days. 
Immutnty . — (On 22.7.33 2 c.c. blood ex sheep No. 
36812, i.e. Kromdraai cattle virus), subcutaneously 
and no reactions. 

Subacute reaction. I.P. — 6 days, 
j Immunity , — Same as sheep No. 37901 and no reaction. 


Svnimary of Besiilfs, 

(1^ Jn Sh(’ep,—¥iighteen normal sheep were incK’ulated with this strain of blue- 
tongue virus recovered from a sheep. All reacted and three died. The 
reactions weie tyiiical and 'in all res])ects i<’seml)led those which resulted 
from the various cattle strains. 

( 2 ) Immunity: — 

(r/) Three of the shee]) which recovered from the reactions produced bv this 
sheep strain received cattle virus (Welgezegend and Kromdraai strains) 
and developed no reactions. 

(b) Five bluetongue vaccine sheep were tested with this virus. Three 
proved to ‘ be completely immune. In one a very mild reac tion 
developed, i.e. slight injection of buccal mucosa and a rise in tem- 
perature. In the remaining sheep only a rise in temperature was 
observed [abortive renction(P)]. 
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Misckllanbobs Expebimrnts. 

Experiments 10. 

(a) The Presence of Bluetongue Virus in Foetal Material, 

Two ewes (Nos. 37691 and 37810) used in experiments 3 (Kromdraai 
cattle virus) were found to be pregnant at post-mortem examination. Material 
was collected aseptically from these foetuses and the following experiments 
undertaken : — 


Foetus 1 (from sheep 37691* i.e. 
Kromdraai cattle virus) 


— She^ 36812 
1 


LSheep 36984 
R 


>_Sheep 36779 
I Neg. 


Foetus 2 (from Sheep 37810, i.e. 
Kromdraai cattle virus) 


LSheep 36991 
Neg. 


Table 10 (o). 

To Indicate whether Foetal Material of Ewes Beading to Bluetongue 

contain Virus, 


No. of 
Animal. 

Bate of 

Inoculation and 
Source of Material. 

Result. 

Immunity 

Betermination, 

Result. 

Sheep No. 
36812 

27,5.33, 1 c.c. fresh 
foetal blood ex 
sheep No. 37691, 
Bubout. 1 

Fatal acute*, re- 
action. Bied on 
13th day 


— 

Sheep No. 
36984 

27,6.33, 1 c.c. fresh 
foetal blood ex 
sheep No. 37691, 
subcut. 

No reaction 

72.7.33, 6*0.0. 

blood ex sheep No. 
36812, subcut. 

No reaction. 

77.6.33, 6 c.c. fresh 
foetal blood, same 
as used on 27.5.33, 
subcut. 

Note . — Blood stored 
in ice chest 

l^ubaoute reaction 
and recovery 

Sheep No. 
36779 

27.6.33, 6 c.c. 

saline emulsion of 
heart and spleen 
ex foetus ^eep 
No. 37810, subcut. 

No reaction 

6.7.33, 5 c.c. blood 
ex sheep No. 36812 
subcut. 

I 

i 

Acute reaction. 

(Destroyed on 6th 
day for collection 
of path, material. 

17.6.33, 6 c.c. 

saline of liver of 
above foetus, sub- 
cut. 

No reaction 
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TahU 10 («)-— coutd. 


No. of 
Animal. 

Date of 

Inoculation and 
Source of Material. 

Result. 

Immunity 

Determination. 

Result. 

Sheep No. 
36991 

27,6,33, 5 c.c. 

saline emulsion of 
heart and spleen 
cx foetus sheep 
No. 37810, subcut. 

No reaction. 

1 

6.7,33, 5 c.c. blood 
ex sheep No. 
36812, subcut. 

Acute reaction with 
recovery. 

17,6,33, 5 c.c. 

saline emulsion of 
liver of above 
foetus, subcut. 

No reaction 


Summary of Besults, 

The blood of foetus 1 was active and contained virus. In this case 1 c.c. 
set up a reaction in one of two sheep. One animal did not react, but sub- 
sequently when c.c. of the same foetal blood was inoculated a typical reaction 
followed. Later this sheep was found to be immune to the virus contained m 
the blood of the mother of the foetus. Foetus 2 was apparently sterile. The 
two sheep which were used for testing material from this foetus subsequently 
reacted to virus contained in the blood of one of the dams. 

(h) The duration of the Infection in the Blood of Sheep Eecovering from, a 

Bluet ongue lira ct ion. 

Two sheep, Nos. 37464 and 37274, used in experiments 1 (c) were used for 
determining the above. Both of these animals developed typical hluetongue 
reactions. At 14-day intervals blood w^as collected from these animals and 
inoculated into normal sheep. The following is a summary of the results: — 
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Table 10 (5). 

To Determine the Duration of Infection in the Blood of Sheep Eecovering 
from a Bluetongue Ileaction, 


No. of 
Animal. 

Bate of 

Inoculation and 
Source of ViruB. 

Kesult. 

Bate of 

Immunity Test and 
Source of Virus. 

Result, 

Sheep No. 
37845 

16.3.33, 5 c.c. 

blood ex sheep 
No. 37464 (14 days 
after infection) 

Mild acute reaction 
and recovery 

i?. 6. 33, 1 c.c. Novo 
strain of B.T. 
virus ex sheep 

No reaction. 

Sheep No. 

37896 

>> 

>» 

t* 

- 

Sheep No. 
37684 

16.3.33, 5 o.c.freah 
blood ex sheep No. 
37367 (14 days 
after infection) 

Subacute reaction 
and recovery 

»» 

Mild acute reaction 
(i.e. rise in temper- 
ature and hyper- 
aemia mucosa of 
buccal cavity. 

Sheep No. 
37894 


» 


No reaction. 

Sheep No. 

36856 

30 . 3 . 33, 5 o.c. freah 
blood ex sheep No. 
37464 (28 days 
after infection) 

No reaction 

19.6.33, 2 c.c. 

blood ©X sheep No. 
37464 

Note. — Blood col- 
lected on 7th day 

Acute reaction and 
recovery. 

Sheep No. 
36913 

tf 

Somewhat delayed 
mild acute reaction 

ff 

No reaction. 

Sheep No. 
36784 

30.3.33, 5 o.ii. freah 
blood ex sheep No. 
37367 (28 days 
after infection 

Mild acute reaction 

t* 

19.6.33,. 2 c.c. 
blood ex sheep No. 
37367 

Note. — Blood col- 
lected 7 th day 
after infection 


Sheep No. 
36976 

ft 

No reaction 

9* 

Fatal acute reac- 
tion. Killed in ex- 
tremis on 15th 
day,. 

Sheep No. 
37856 

13.6.33, 5 c.c. 

blood ex sheep No. 
37464 (42 days 
after infection) 

>» 

28.6.33, 10 c.c. 

Seitz filtrate = 2 
c.c. whole blOod ox 
sheep No. 36812. 

Note. — Kromdraai 
cattle strain. 

1 

No definite clinical 
reaction. Animal 
i died on 9,7.32 and 
: bluetongue was 
not diagnosed at 
p.m. 

Sheep No. 
37712 


f* 

28.6.33, 2 c.c. 

blood ex sheep No. 
36812 

Slight acute reac- 
tion. 

Note. — ^afebrile but 
definite hyper- 

aemia and excori- 
ations. 

— 

— 

— 

18.7.33, 5 c.c. 

blood ex sheep No. 
36812 

No reaction. 
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Table 10 (6)—(contd.). 


No. of 
Animal. 

Date of Inoculation 
and Source of Virus. 

Result. 

Date of Immunity 
Test and 

Source of Virus. 

Result, 

Sheep No. 

37880 

1 

]3.6,33, 5 c.c. 

blood ex sheep No. 
37367 

No reaction 

28.6.33, 2 c.c. 

blood ex sheep No. 
36812 

Mild acute reaction. 

J8.7.33, 6 c.c. 

blood ex sheep No. 
36812 

No reaction. 


Sheep No. 

37806 

13.6.33, 5 c.c. 

blood ex sheep No. 
37367. 

No reaction. 

28.6.33, 10 c.c. 

Seitz filtrate ; 2 

e.c. blood ex sheep 
No. 36812 

No reaction. 




18.7.33, 5 c.c. 

whole blood ex 
sheep No. 36812 

Fatal acute rcac- 
action. Killed in 
eMremis on 12th 
day. 

1 


Summary of Results. 

It will be noticed that — 

(1) the virus recovered on the fourth day after infection from slieej) 
37293 (F]x|)(‘riment 1) set up severe reactions in five sheep, and two 
died ; 

(2) the lilood of two of the recovered animals was still infective and 
active on the fourteenth day after infection. Tn each case reactions 
resulted in two sheep. Three of these animals were iiiinmne to the 
strain of Novo she(‘p virus, but apparently the immunity in one 
(sheep 37CH4) was weak, since this animal developed a mild reaction 
to this sheep strain of hluetoninue virus; 

(8) on the twenty-eighth day the blood from the same two animals in 
the same amounts was apiiareiitl.v less active since one of two inocu- 
lated sheen developed only slight reactions. These two animals 
proved to he immune to virus contained in a sample of blood taken 
on the seventh day from the original donors. The two non-reactors 
developed severe reactions to this sample of virus, and one died ; 

(4) Blood collected on the forty-second dav failed to set up perceptible 
reactions. These sheep were subsequently used for testing the activity 
of Seitz filtered blood. No di'finite reactions were observed in sheep 
37856 and 37806, i.e. those which received filtered material. Sheep 
37856, however, died, hut the cause of death was obscure. Sheep 
37806 was again tested with the same sample of wdiole blood, and a 
fatal acute reaction follow'^ed. Sheep 37712 and 37880 where the 
immunity was in the first instance tested wdth unfilterecl blood from 
the same source, developed mild reactions, and suh.sequently w^ere 
immune to a larger dose of the same sample of virus material. 

The above results indicate that — 

(a) the blood of two of the sheep which were recovering from reactions 
produced by the Welgezegend cattle strain of virus was still slightly 
infective 28 days after the date of infection, hut wms definitely 
inactive in subcutaneous doses of 5 c.c. on the forty-second day: 

(5) as far as the pathogenicity is concerned, the virus present in the 
blood of these recovering animals became progressively less active. 
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{V) Experimental Infection of Animals by means of Intranasal Iniection with 
Virus-containing Material* 

When experiments were commenced at Welgezegend, five calves were 
injected intranasally with material consisting of a mixture of blood, urine, 
milk and emulsified necrotic tissue from three affected cows. This experi- 
ment was undertaken with the express purpose of excluding foot and mouth 
disease. Four out of these five calves developed definite reactions. The 
infectivity with biuetongue virus in the blood of one of these calves was 
established in the subsequent experiments [vide Experiments 1 (b)]. 

In Experiment 1 (a) an attempt was made to confirm this method of 
intranasal infection in sheep. Two animals were accordingly injected intra- 
nasally with 5 c.c. bl(x>d from a reacting sheep. No reactions, however, became 
perceptible. This experiment was repeated at Onderstepoort, with the lollowing 
results : — 


Table 10 (c). 

To Determine whether it is possible to Infect Sheep with an Intranasal 
Injection of Virus-containing Material, 


1 

No. of 
Animal. 

Date of Infection 
and Nature of 
Infective Material. 

Kosult. 

Date of Immunity 
Test and Source 
of Material. 

Result. 

Sheep No. 

37801 

7.7,33, intranasal 
injection of a mix- 
ture 25 c.c. blood, 
bile and emulsi- 
fied necrotic buc- 
cal mucosal 
scrapings ox sheep 
No. 33614, i.e. 
Kromdraai virus 

Peraoutc fatal re- 
action. I.P. — 3 

days. Died on 
10th day 



Sheep No. 
.37879 


No reaction 

18.7.33, 2 c.c. 

saline emulsion of 
spleen pulp ex 
sheep No. 37801 

Acute reaction. 

Sheep No. 
37762 

7.7,33, intranasal 
injection of 20 c.c. 
blood ox sheep No. 
33614 


tt 

Fatal peracute re- 
action. I.P. — 2 

days. Died on 8th 
day. 

Sheep No. 
37760 

»» 

tt 

»♦ 

Fatal acute re- 
action. I.P. — 4 

days. In mori- 
bund condition on 
11th day and de- 
stroyed. 


Summary of Eesults* 

One sheep (No. 37801) became infected and reacted after an intranasal 
injction of virus-containing material. 

(d) Intramucosal Inoculation of Virus-containing Material, 

The pathological-anatomical changes seen in biuetongue clearly indicates 
an epitheliotropic nature of the virus. Distinct changes (vide pathology) become 
manifest in the mucous membranes. 
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It was considered not unlikely that reactions on the buccal mucosa would 
be provoked at the site of inoculation of virus-containing material. The 
following experiments were therefore arranged: — 


Hheep 23812 

R. 

This animal was inocmlated 
with virus, ex Foetus 1, of 
Sheep 37691 [vide Experiment 
10 (a)]. 


p -Calf 5201 
React. 


I -Calf 5257 
Heact. 


j— Sheep 36935 

R. 


^Sheep 37887 


Table 10 (d). 

To Determine the Result of an Intramucosal hwculation of Vims Material. 


No. of 
Animal. 

Hate, Method of 
inoculation, and Source 
of Material. 

Result. 

Calf No. 5201 

1 

1 

8.6. 33t Kromdraai cattle 
virus ex sheep No. 36812 as 
follows : ( 1 ) Loft side of 
tongue : 0 '5 c.c. buccal 

epithelium emulsion in 
saline, intramucosally ; (2) 
Right side of tongue : U*5 
c.c. blood 

Distinct rise of temperature after an incubation 
period of 3 days {vide Chart X). On the second 
day slight injection of the mucosa at the sites of 
inoculation was noticeable, but no lesions de- 
veloped. On the 16th day small necrotic lesions 
were seen on the dental pad and inner surface of 
lower lip. 

Calf No. 6257 

»» »» 

Distinct rise in temperature on 4th day [vide Fig. XI). 
On the second day after inoculation slight red* 
denmg at the sites of inoculations on the tongue. 
Excoriations appeared on the mucosa of the upper 
and lower lips and at the angles of the mouth. 
These lesions appeared on the 6th day and per- 
sisted for 12 days. In the later stages they became 
somewhat ulcerative. 

Sheep No. 
36935 

13.6.33, 5 c.c. blood ex calf 
No. 5267, subcutaneously 

Subacute reaction and recovery. 

Immunity Test . — On 6.7.33 1 c.c. blood ex blue- 
tongue sheep Novo. Only a slight rise in tem- 
perature on 7th day was observed and this was 
apparently of no significance. 

Sheep No. 
37887 

ff tf 

Fatal peracute reaction. Died on 7th day. 


Summary of Results. 

Contrary to expectations, no distinct local lesions developed at the site of 
inoculation on the tongues of the calves. However, general reactions followed, 
and this was similar as observed in calves in other experiments, where virus- 
containing material was injected intravenously, subcutaneously or intranasally. 

The blood of one of the calves (5257) was infective as is illustrated by the 
reactions which developed in the sheep. 
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APPENDIX B. 


Under this will be included all data of post-mortems and subsequent 
microscopical examinations of the various tissues collected. In each case refer- 
ence wilt be made to the exiierimental number, about which full particulars 
will be obtained in Appendix A, the number of the sheep, date of death, number 
of days after injection of infected niat€»rial which elapsed before death occurred, 
the etiological diagnosis with the significance of most important changes, 
followed by a summary of macroscopicul and microscopical findings. 

The post-mortems under leview will be considered under two headings: 
(1) natural cattle cases, (2) experimental sheej) cases, 

1. Natural Cattle Cases. 

These mainly refer to three Friesland bovines concerned in the outbreak 
at Welgezegend ; these were destroyed for post-mortem examination, 

(a) Black and white cow, condition rather poor, staring coat, killed for 
post-mortem. 

Slight general anaemia and cachexia ; swelling of the tongue fairly 
extensive, causing partial protrusion from, the mouth ; on dorso-lateral aspect 
of the tongue there is localised necrosis about li c.m. in diameter and about 
i c.m. in depth, surrounded by a reddish zone; on the upper lip there are two 
superficial ulcers on the inu<*ous membrane. Th(5 other organs showed no 
specific changes. 

{b) Black and white cow, condition poor, coat staring, killed /a extremis. 

General anaemia and cachexia ; fairly extensive deep-seated foetid partly 
gangrenous necrosis of the tongue, involving practically the whole ot tb<» left 
dorso-lateral aspect of the middle third — it is about 3 c.m. in depth in places, 
extending well into the muscular substance of the tongue; superficial ulcers 
on the mucous membranes of the lips and the dental pads; the superficial 
layers of the skin in the interdigital space show a shreaded appearan(*o due to 
))artial desquamation, leaving a reddish moist surface after removal^ multiple 
circumscribed necrotic nodules in the lungs, varying in size from i-1 c.m., 
with no evidence of encapsulation; localised sero-fibrinous pleuritis; linear 
fairly deep-seated ulcers on the pylorus, about 3 e.nis x c.m. X i c.m., edges 
clean and shai’iily defined with a dark, reddish base and periphery ; hyperaemia 
end a slight superficial dermatitis of the skin of the teats extending on to the 
udder. 


Microscopical Kx(imb\fitu)n (Specimen No. 13637). 

Tongue , — Tn places some of the epithelial cells show ‘‘ballooning” and a 
loose infiltration w^ith neutrophiles in others. The localised necrosis involves 
the whole of the epithelial layers, wdiich has hf»come disorganised and in many 
lespects lost. The whole has become infiltrated with neutrophiles, which show 
necrobiosis. The cells underlying the necrotic material still show evidence 
of extensive cellular infiltration extending into the musculature of the tongue. 
The process is of the nature of an acute localised necrotic stomatitis charac- 
lerised by the absence of any extensive proliferation of connective tissue. 

Jjij ). — Similar lesions of necrosis and ulceration with infiltration of the 
deeper layers of the mucous membrane. 

Tyloris. — Ditto. 

Luiig.-;— Shows multiple, fairly extensive localised necrotic areas without 
encapsulation at the periphery of these lesions, numerous bacteria in the form 
of filaments can be identified forming an extensive network, probably 2?. 
necrophorus. 

(c) Black and white Fries cow, recovering from pseudo foot and mouth 
disease, killed for post-mortem. 

Slight general anaemia and cachexia, superficial necrosis of the dental 
pad, several ulcers with hyperaemia of the periphery of the pylorus of the 
stomach, ulceration of the dorsum of the middle third of the tongue about 
1 c.m. in diameter in the process of healing, characterised by sharply defined 
edges as if a circumscribed portion of the mucous membrane had been scooped 
out. No further pathological changes of a specific character was seen in this 
case. 
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OCCUBRENCE AND IDENTIFICATION OF BLUETONGDE IN CATTLE. 


APPENDIX C. 


(1) Extbacts fkom Rbpobts by Veterinary Officers on the Oocuhrence op 
THIS Bluetongub in Cattlr. 

Note: That the veterinary officers were dealing with bluetongue in cattle, 
is based upon the descriptions given in field reports. No aetiological 
diagnosis is given in these reports, and apparently the disease was no recog- 
nised as bluetongue. In some instances the descriptions are not sufficiently 
detailed, and the conclusion of the existence of bluetongue is not definite. 
It should be remembered that an investigation of these outbreaks was pri- 
marily undertaken to exclude foot and mouth disease and not to ascertain 
the nature of the disease. 


Date and Locality. 

Report by. 

Extract in Field Reports. 

24.2.33, Vlakfontcin, Nigel, 
Tvl. 

T. Adelaar 

“ 1 ox. Necrosis on the dental pad.” 

23.2.33, Paardefontein, Heidel- 
berg, Tvl. 

D. G. Steyn 

“ 1 ox. Animal listless. Mucopurulent dis- 
charge from the nose. UlctTation of 
intcrdigital space. Extensive ulceration 
of mucous membrane of upper and lower 
lips, gums and dental pad.” 

27.2.33, Klipriver, Ladysmith, 
Natal 

J. R. Frean 

” 1 calf. Salivation and stiff gait. Small 
ulcers on upp<jr gum. Diptheritic deposit 
ventral surface of the tongue.” 

28.2.33, Trumpeters Post, 
Mafeking 

J, J. Keppel 

” (lalvcfi (the number affected not stated). 
The calves show peculiar lesions on the 
dental pad.' Those lesions are ephemeral, 
and as rapidly as they appear they dis- 
appear, leaving a small circular lesion 
without ulceration. Thesc‘ small lesions 
are multiple and close together.” 

3.3.33, Townlands, Standerton, 
Tvl. 

J. G. Bekkcr 

” 1 cow. Superficial diffuse necrosis on 
muzzle, inside of nostrils, dental pad and 
gingiva. Hype^raemia of the tongue. 
Teats all sore. Calf of cow normal. Tem- 
perature varied at different examinations 
106” to 101”. Later marked skin lesions 
developed.” 

16.3.33, 5.3.33, 9. 3. .33, dif- 
ferent farms in Mafeking and 
Marico districts 

N. e. Starke 

” Number of ealvea ” the condition noted in 
these calves is referred to as a ” diph- 
theritic stomatitis.” 

5.3.33, Oudehoutsdraai, Volks- 

J. Dickson and J. G. 

” 2 cMtk ” (sex not given). 

ruat 

Williams 

i 

1 

” Two animals showed necrotic lesions in 
the mouths. Tn one animal the tongue 
was protruding about 8 inches. The organ 
was bluish discoloured and was swollen 
and firm. Small necrotic foci were also 
evident on the under surface of the 
tongue. There were also other cattle on 
the farm affected with stiffsickness, but 
apart from the stiffness nothing abnormal 
and no mouth lesions were present.” 
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Date and Locality. 

Report by. 

Extract in Field Reports. 

12.3. 33, Blinkpoort, H <ddel borg 

J. B. Quinlan 

“ Owe cow. Animal in extremis. Necrosis 
ventral aspec t of tongue and on the dental 
pad.” 

14.3.33, Vlakplaas, Germirtton, 
Tvl. 

*r. B. Quinlan 

“ Owr heifer. Superficial ulceration of the 
u£)per and lower Ups and superficial 
ulceration on the ventral aspect of the 
tongue. In the region of the fetlocks the 
skin felt hot and was very red. The 
interdigital space showed epithelial ex- 
coriation.” 

14.3.33, Hartlam, lieitz, O.P.S. 

G. C. WesHcls 

“ One ox. Profuse salivation and muco- 
])urulent discharge from nostiils. Several 
abrasions on the mucosa of the dental 
pad. li])s and iinderface of the tongue. 
'Phe low’(‘r lip wuis also slightly swollen. 
Some of the papillae also showed hyper- 
aemia and were sw ollen. On examination 
of the nasal cavities then' were tw^o small 
ulcers on the septum nasi." 

17.3. 33. Poort jioHfontojn, Staii- 
dcrton, Tvl. 

J. G. Bekkor 

! 

! 

“ Two milch' cows. Temperatures 103' 5 and 

1 ]04'5-. Necrosis on the dental pad, upper 

and lower lips and underneath the tongue. 
Distinct swelling of the lower portions of 
the limbs and redness on the plantar 
aspect of the digit.s. The teats were sore 
and an exudative inflamation of the skin 
of the Hanks noted.” 

18.3. 33, K romdraai, Standcr- 
ton, Tvl. 

3. G, Bekker 

“ One milch row. This animal wa.s fre- 
quently examined and showed necrosis of 
lips, gums and ventral aspect of tongue. 
Teats sor(‘. Later extensive skin lesions 
developed.” 

14.3, 33. VVelgozegend, Stander- 
ton, Tvl. 

J. B. Quinlan and J. 
G. Bekker 

“ 3 cows. Temperatures 103, 104, and 104-5 
Necrosis dental pad, upper and lower 
lips, muzzle and behind incisor teeth. In 
one case the tongue was protruding and 
sw’^ollen. On the ventral aspect of apex 
the mucosa appears raw^ and very red. 
The tongue of another beast also .severely 
affected and a large deep seated necrotic 
lesion on lateral a.spect in the region of the 
body of this organ. The lower portions 
of the limbs in all cases appeared swollen 
and the surface of the skin in the inter- 
digital spaces appeared moist and ex- 
coriated. All the udders were affected, 
especially the teats, which were red and 
covered with thin crusts.” 

Note . — A fuller description of these eases 
is given in Appendix “ A.” 
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Date and Locality* 

Report by. 

Extracts in Field Reports. 

19.3.33, Rooikop, Germiston, 
Tvl. 

P. S. Snyman 

“ 1 ox. Necrosis lips, dental pad, etc.’’ 

20.3.33, Ascent, Vrede, O.F.S. 

J. B. Quinlan and J. 
G. Bekker | 

“1 ox. Swelling in the region of fetlocks. 
Necrosis of anterior aspect of dental pad 
and borders of lips.” 

27.3. 33, Verblyden, Standerton, 
Tvl. 

J, G. Bekker 

” 1 heifer. Temperature 106”. Necrosis 
dental pad and lips. The papillae on 
lips swollen and tips yellow in colour 
(necrosis), bases red. Feet swollen and 
an anterior aspect of interdigital spaces 
triangular areas, which are covered with 
dark brown scabs and underneath a raw 
granulating surface. Distinct ‘ break ’ at 
the coronets.” 

29.3.33, Mietjiesfontein and 
Rietvlei, in the KoodcK38rand, 
N.Tvl. 

G. de Kock 

Describes a condition seen in cattle and he 
refers to it in the following way : “ Cattle 
were seen showing a disease condition 
resembling three-day stiff sickness. In two 
cases I was struck with the swelling and 
redness of the tongues.” 

1.4.33, Swartland, N.Tvl 

P. S. Snyman 

« 

Describes a cattle disease on this farm as 
follows : “ The lesions in the mouth begin 
as a small swelling in the form of a pimple. 
Necrosis of the mucosa in the region of the 
swelling soon takes place and enlarges 
rapidly. This is seen espcnually on the 
ventral aspect of the tongue. No lesions 
were observed in the interdigital spaces, 
but lesions were present on the anterior 
aspt'cts of the coronets. These showed a 
tendency to spread to the plantar aspects. 
One case was encountered with lesions of 
the skin of the udder and flanks. 3’he 
epidermis was red and could easily be 
removed leaving a moist surface.” 


(2) Grnehal Repohts on this Disease. 

The following interesting and valuable information on this disease of cattle 
has come to our notice : — 

F. A. Vemey^ Principal Veterinary Officer, Basutoland, in his annual 
report of the year 1932, states: — 

“ In the autumn a cattle disease occurred that simulated very closely 
all the symptoms of foot and mouth disease, and had I not observed this 
disease 16 years ago. I should have been genuinely alarmed. The disimse 
is indicated by an ulcerative stomatitis, loss of appetite, rise in body tem- 
perature, usually associated with a stiff gait and swollen fetlocks, occa- 
sionally with necrotic sores in the interdigital S])ace. The disease usually 
breaks out in individuals in a herd, and shows no evidence of being 
infective and all my efforts to infect other cattle with saliva proved futile, 
and it is this factor that makes one definitely to decide against the dreaded 
contagious foot and mouth disease.” 

Mr. B. J. Brimmer, Government Veterinary Officer, O.F.S., in a report 
in March, 1933, states: — 

“ 1 have seen sporadic cases of this disease in various parts of the 
Free State. Generally only one or two cases occur on a farm .... 
The most common lesions seen are : an acute dermatitis of the skin around 
the mouth. The skin is just inflamed, then gets dry and hard and forms 
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cracks all along the borders of the lips. The muzzle becomes dry and 
painful, and the animal will often lick this part with the tongue. A burn- 
ing sensation must be present, as the animal often shakes its head and 
even becomes vicious in the acute stages. Later the superficial layers of 
the skin jieel off. In severe oases, the mucous membrane of the mouth is 
also inflamed and red. This may pass off without any further lesions, 
but usually lesions resembling that of bhietonguc in sheep develop. These 
are of a diffuse nature and are mostly formed on the dental pad, along 
the borders of the lips and sometimes under the tongue. The muco.sa of 
the nostrils is also generally inflamed, very sensitive, and easily bleeds. 

y In most cases an acute laminitis is present in all four feet, accom- 
panied by a redness of the skin along the coronets and a swelling of the 
lower parts of the legs. The .swelling is most noticeable around the 
fetlock joint and may extend up to the knees and hocks, but 1 have never 
seen any sores formed (unless of a traumatic nature) along the coronets 
and between the claws. 

“In fatal cases deatli o(‘curs early in the acute stages before the 
lesions become jiroperly developed. Once the skin lesions are noticeable, 
the animal is usually past the danger ])oint. Generall.y a slight gastro- 
enteritis IS also present. The disease occurs very sporadically and leaves 
little ofiportunity for further investigation.’^ 

Mr. Brumnier sus])ected a poisonous plant as a jiossible cause of this 
disease. 


Mr, C, C. ir essrls. Government Veterinary Officer, Bloemfontein, m a 
general report on this disease, states that during April and March, ]933, 
numerous outbreaks of this disease oc(‘urred in various jiarts of the Free 
State. He mentmns that when one of these cases occurred, all the neighbour- 
ing farmers wen* greatly ]>erturb<»d since they suspected foot and mouth 
disease. 

Mr, S. Utninolds (farmer), Zandbaken, Val, Stnnderton, in a letter dated 
19th March, 193.‘1, to the J)ir<*ctor ol Veterinary Services, referred to the 
disease as follows: — 

“ T find that the disease is to a certain extent seasonal, and mostly, 
if not always, only noticed during March and April. It bears man,y 
similarities to bluetongue of sheep and being most acute — as with most 
other South African diseases — in cattle imported from Europe. The 
affected cattle run a high temperature with com])lete or jiartial loss of use 
of the tongue. The tongut^ often going dark blue in colour with inflam- 
mation and eruiition of skin around and under the tongue and lips. The 
feet are tender and sore and the animals move stiffly; in other cases, no 
feet disturbances an* noted. In more acute cases — as it varies, of course, 
in intensity — new hoofs would grow through and replace the old ones. 
The disease lasts a few days and then recovery would be rapid.” 

In a letter, dated 19th March, 1933, to the Director of Veterinary 
Services, Mr. Aimifmje (farmer), of Vaalhank, Standerton, describes a condi- 
tion encountered in 19.31 in two of his cattle (a year-old-bnll and a two-year-old 
heifer) in the following way : — 

“ Both cases were very similar and started with high temperatures 
within a day of each other. The animals were very stiff and lame; in 
fact, a few days later they could hardly stand. The lower portions of the 
limbs were sore and sw’ollen, but no open sores were seen. Tvro or three 
da.y8 later the tongues became very swollen and pinkish blue in colour. 
They seemed quite jiaralysed and hung out of the mouths. A hard scale 
formed over the up])er lips and nostrils. This scale gradually became loose 
and fell off in one piece as the animals got better. 

“ The affected cattle could not eat for some time, hut appeared to be 
hungry and were fed with aJic*es of mangels and pumpkins, which were 
placed on the hack of the tongues. 

“ As the condition improved the animals began feeding again, but 
were stiff for some considerable time. 

“ The heifer was turned out to graze as soon as she could walk. The 
young bull was left in with my other bulls, and I noticed sometime after- 
wards that all hip hoofs were very long and found that new ones were 
growing. Some time later the old hoofs fell off.” 
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APPENDIX D. 

Temperature Charts of Experiment alj.y Infected Sheep 

AND Calves. 







Chart JV. 


Sheep 37(578, Expt. 7 (b). Acute reaction. Note ; Long duration of 

temperature. 
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Chart VJ. 

Sheep 37174, Expt. 6. Note: Slight elevation temperature (a febrile 
reaction), but distinct development of lesions. 
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Chart VII. 

CuJf 1, Expt. 1 (a). 
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Chart VIII. 
Calf 3, Expt, 1 (a). 
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Chakt XI. 

Calf 5257, Expt. 10 (d). Note: Temperature recorded once daily, 

i.e. 9 a.m. 
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In addition to the work oJi horsesickiiess described in the preceding 
pai)er, we carried out a number of experiments with bluetong^ue in 
sheep along similar lines. The work on bluetongue wa»s mainly 
undertaken to make use of the time, when the horsesickness work 
<*ould not be undertaken. 

From the epizootological ])oint of view, hoisesickness and blue- 
tongue are very closely related to one another, and what has been 
said about horsesickness — it being non-contagious by ordinary means 
of contact, the seasonal and also to a (’ertain extent the geographical 
distribution, tlie dependenc'e on the amount of rain, the occurrence 
in marshy vleis and absence on hill tops, tlie danger of grazing at 
night, during the late afternoon or the early hours of the morning, 
the protection afforded by stables — applies practically as well to 
horsesickness as to bliietongue and does m)t need to be discussed at 
length. 

It seems to be very probable from the information at hand, that 
horsesickness and bliietongue, if transmitted at all through iiivsecds, 
are (‘arried by the same or by closely related species. As in the case 
of horsesickness we suspected, for reasons discussed with the results 
of the mosquito survey, Acdes 8j)ecies as the most probable trans- 
mitting agents, and this genus only was used in our experiments. 

According to references in the literature u}) to now, no trans- 
mission experiments have been carried out with bliietongue. 

I. EXPERIMENTAL TECHNIQUE. 

The methods adopted in our work on bluetongue were in general 
very similar to those used for horsesickness, and have been described 
in full in the second paper of this series. We can limit ourselves 
therefore to a brief summary. 
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The mosquitos were obtained by catching the adults and larvae 
or pupae in the field and keeping the latter in the laboratory until 
the imagines hatched out. The larvae originated from natural 
breeding places, or during the drier part of the season from artificially 
flooded places. Sj)ecimeris liafched in the laboratory from larvae 
or pupae obtained from the field were more suitable than those 
caught as adults, the latter generally showing a much higher 
mortality. 

The mosquitoes were kept, before use, in large mosquito netting 
enclosed cages covered on four sides by hessian kept wet by allowing 
water to jiercolate through it from above, in order to secure the 
necessary degree of humidity. When not needed directly they were 
fed on a 10 per cent, aqueous solution of sugar, otherwise pure w^ater 
only w^as provided. 

The infected specimens w’ere stored in our w’arm room, in which 
the temperature w’as maintained at an average of 24® to 25® C. From 
time to time, how'ever, the temperature varied betw^een 20® and 
dO® C. as the heating had to be controlled by hand. 

In the first series of experiments the mosquitoes were all stored 
in jam jars, the lids being replaced by mosquito netting, 10 specimens 
in each. In order to secure the necessary humidity tlie jars w'ere 
kept on wot cotton w^ool in slightly larger jars provided with lids 
having a few holes in them. The mosquitoes were fed on sugar water, 
a small piece of cotton w^ool soaked in a 10 per (*ent. solution being 
placed on the net covering the jar. This method was quite satis- 
factory, as was the case with horsesickness, when the mosquitoes were 
used for injection and only small numbers needed. 

For the experiment in w’^hich the feeding of larger numbers was 
intended, our specially designed cages were employed. These were 
kept on shelves, being surrounded on four sides by wet hessian, thus 
ensuring the desired humid conditions inside the cages. For some 
species, especially ^4. cnballuSy it was found advisable to further 
increase the humidity by covering the floors of the cages wdth wet 
filter paper. In the case of the small mosquito groups the jars were 
always employed, as the cages, which were limited in number, had 
to be reserved for the larger groups. 

The method employed for the injection of mosquitoes consisted 
firstly of stunning the insects by hitting the test tubes in which they 
were contained against the palm of the hand. The stunned specimens 
were then drox)ped on to a small quantity of normal sheep serum 
contained in a mortar and ground up to form a fine emulsion by 
means of a pestel. A further quantity of serum was then added and 
the w^hole injected subcutaneously into the sheep on the inner asiiect 
of one thigh. 

For feeding purposes the small wire cages covered with mosquito 
netting, described in the technical section, were used in all cases. The 
liberating of mosquitoes in fly-proof stables containing sheep was not 
attemxited, as no good results were expected. 

The wool w’^as carefully clipped as close as possible to the skin 
from an area on the back of the sheep corresponding with one surface 
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of the cage, and the cage, containing the mosquitoes, was then placed 
in position on this area. Six pieces of tape attached to the wool 
around the clii)ped area, two on each of the long sides and one on 
each of the shoit ends, tied together over the cage served 1o hold it in 
position. To ensure a sufficient degree of humidity inside the 
cages a piece of damp cotton wool was placed on top of the cage and 
held in position by means of the tapes. Without this precaution a 
considerable mortality could occur. Up to four cages c ould be placed 
on one sheep in this manner, two on either side of the mid line. 

As our stable for mosquito feeding, with si)ecial arrangements 
for obtaining a humid atmosphere, was mostly in use for horsesickness 
experiments, the feeding on sheep had to be conducted in the 
ordinary sheep stables. Un very dry nights the cotton wool occasion- 
ally dried uj), resulting in a more or less high mortality amongst the 
mosquitoes, but under normal conditions the water contained in the 
('otton wool was sufficient to last out the night. 

By this method of mosquito feeding it was not necessary to 
isolate individual sheep, as the cages are not interfered with by other 
sheep which may be present in the same box. Furthermore, the 
sheep used were ajiparently in no way irritated by the jjresence of 
the cage(s), as no attempt was made to rub it (or them) off, or, at any 
rate in our experiments no sheep succeeded in dislodging a (‘age. 

The feeding results on the whole were not as good as w'as the 
case in the horsesickness experiments. The percentage of mosquitoes 
which engorged themselves, and furthermore, the amount of blood 
taken uj) by the individuals w^as detinitely le^ss, whereas the 
mortality amongst the unfed specimens was certainly higher. A 
number of reasons may be advaii(*ed to account for this fact. The 
pressure (^xerted on the cage, on wdiich depended its contact wdth the 
skin, was not so great as in the case of the cages used on horses, so 
that slight movements of ilie skin tended to disturb feeding mosquitoes. 
The regulation of humidity was less effective and the mosquitoes had 
ample opportunity of taking up watei*. Short wx)ol covering the 
clipped surface, wdiich Avas neA^er shaA'ed, mecdianically interfered 
with the insertion of the proboscis and the wool fat present probably 
also played a part in preventing good feeding. 

IIow-eA^er, our revsults w^ere sufficiently satisfactory to permit of 
our disregarding these minor difficulties. 

il. STRAINS OF VIRUS USED IN THE EXPERIMENTS AND 
EXPERIMENTAL ANIMALS. 

In our experiments three different strains of bluetongue \drUvS 
w^ere used, the ordinary vaccine strain, and tw-o strains recovered 
from fresh spontaneous cases. 

1. JUu^fontjue Vaccine Vims , — In the first series of exx»eriinents 
described hereafter the virus wherewdth we produced the experimen- 
tal cases of bluetongue for feeding mosquitoes on, (consisted of the 
laboratory vaccine strain. This strain had originally been obtained 
from a natural case of bluetongue which had oc(‘urred on the station 
in a lamb in February, 1927. Blood from this lamb bad been 

511 



INVESTIGATIONS INTO THE TRANSMISSION OF BLITETONGVK IN SHEEP. 

injected into sheep from which, by successive subiiio(mlation8 into 
other sheejj at or immediately after the reaction period, the virus strain, 
had passed through 48 generations. These subinoculations were carried 
out over the period 5.2.27 to March, 1932, the last sheep being 
31930 and 31554, the preserved blood of which was used in our 
experiments. 

On reviewing the history of this virus strain certain facts are 
apparent which would account for some of our failures or apparent 
failures to transmit the disease through the agency of mosquitoes. 
In the first place only two deaths, which could be definitely attributed 
to blue tongue, were caused. Of the two sheep injected with blood 
from the original lamb which died of bhietongue, one died on the 
fourth day after injec'tion after having shown no temperature 
reaction whatsoever, the other showed a typical though not marked 
reaction c-ommncing on the sixth day and returning to normal on 
the eleventh day, the maximum temperature registered being 
105.2® E. This latter sheep was used for subinoculations into two 
further sheep, death resulting in both (*ases with typical symptoms 
of bluetongue. The first of these two sheep showed a tem])erature 
reaction (*ommenciiig on the third day with a maximum of 100.2® 
on the seventh day, and death on the ninth day. In the second case 
the reaction lasted from the seventh to the twelfth days, with a 
maximum of 105.1®. The temperature then remained in the neigh- 
bourhcxid of 102® F., with death on the vseventeenth day. No further 
deaths were recorded during the whole course of the subinoculations, 
except five which occurred between the tenth and twenty-second 
generations, and for which some other explanation, having no 
relation to bluetongue, could be given. 

In all, about 113 sheej) were used up to the production of the 
present vaccine strain. Of these, ^6 per cent, showed temperature 
reactions, 5 per cent, showed very doubtful reactions, whereas about 
5 showed no evidences of reai^tions. Of the 80 per cent, showing 
reactions 20 per cent, were looked upon as slight reactions, where 
the temperature remained below 105® and was as a rule not main- 
tained for longer than half a day, or fluiduuted markedly between 
103® and 105® for a few days. However, the scrutiny of the tem- 
perature charts of the shejep used in the jiroductioii of the virus has 
revealed the fact that a slight or doubtful reaction does not necessari- 
ly indicate the intensity of the reaction following upon a subinocu- 
lation of blood from such a case. Marked reactions frequently result 
from subinoculations from slight cases and the converse also holds 
good. One further point of interest is the production of clinical 
symptoms. As pointed out above, only two deaths from bluetongue 
resulted from subinoculations from the original lamb, both of which 
occurred in the second generation. Up to the eleventh generation 
slight mucoid or muco-purulent discharges from the nostrils, 
dyspnoea, and swelling and reddening of the buccal mucous mem- 
brane generally accompanied by reddening of the coronets, were 
observed. Thereafter, no clinical symptoms were recorded, the virus 
having become so attenuated as to produce only temperature 
reactions. 
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During the course of our work temperature reactions were the 
only guide as to the success or otherwise of the transmission experi- 
ments. In this connection it must be pointed out that only temj)era- 
tures exceeding 104^ F., and maintained for periods of one or more 
days, and furthermore, making their appearance within the limits 
of the vaccine strain incubation period, which as revealed during the 
production of the vaccine varied between three and twelve days, 
were (‘onsidered to be positive. There exists, therefore, some doubt 
as to the possible number of positive cases prodiK^ed. All the 
experimental animals were, however, subjected to a further subinocu- 
latioii of vaccine in order to test their immunity and, although such 
subinoculations may not always succeed or an animal may have 
acquired a partial immunity not sufficient to absolutely protect it, 
this test was looked upon as the final proof of the original trans- 
mission of the disease. 

2. I.vopo — A sample of blood obtained from a case of blue- 

tongue in sheep on the farm of a Mr. Harrek in the Ixopo districd of 
Natal was re(*.eived from the Government Veterinary Officer of Ixopo 
on 4.4.32 and this constituted the virus strain used in our experiments 
and designated Ixoix) virus. IJnfortuuatelv no information could 
be obtained as to the extent and severity of the outbreak, but it was 
ascertained that sheej) had actually died from bliietongue on the farm 
in question. Bluetongue is kiiowm to occuir yearly in this locality, 
so tliat there can be little doubt but that we \\ore dealing with blood 
from a naiuraJly contracted case. 

3. Kaim’clf anient Virus , — On the 5th April, 1932, the Extension 
Officer of the Pretoria District sent in blood from three lambs which 
died of Iduelongue belonging to Mr. Oppernian of the faim Kameel- 
fontcin in this district. Although not a very extensive outbreak, 
tins owner lost several other slieej) from tyi)ical bluetongue. Y’ early 
inoculation against hluelongue is carried out on this farm, but this 
was not done this year on ac(‘ount of the season having been very 
dry and there being little chance of bluetongue in the farmer’s 
opinion. As mentioned iiievionsly the blood ret*eiv(M] was taken from 
young lambs, so that even if rela])ses of bluetongue do ocmir there is 
little cliam^e of our having obtained anything but a natural field 
strain of the virus, as this was the first se^ison that these lambs had 
been ex])osed to infection. 

4. E*r peri mental Animals . — The sheep used in our experiments 
are periodically obtained by the Laboratory for experimental pur- 
poses and for the production of the bluetongue vaccine from known 
bluetongue free areas. They are bought from a few well known 
reliable farmers in the Phillipstowm District of the t'ape Province, 
which is a Karroo area. No guarantee of their susceptibilKy to blue- 
tongue is obtained, but agreements are made that so far as possible 
the sheep must be obtained only from the Phillipstowii Distri(*t. A 
further precaution that is taken is to buy only two-tooth sheep in 
order that they will have had as little enhance as jmssible of having 
been exposed to natural infection. It is the absolute exception to 
encounter an immune sheep, so that for practical purposes it may be 
<?on(duded that all the sheep used are susceptible to bluetongue. 
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III. EXPERIMENTS WITH THE ORDINARY VACCINE 
STRAIN OF BLUETONGUE VIRUS. 

At the commencement of our experiments we only had at our 
disposal the laboratory strain used for the preparation of the blue- 
tongue vaccine which, as previously stated, had been isolated from a 
natural case five years before, and had been passed through nearly 
50 generations in the laboratory by means of direct successive blood 
inoculations. This was therefore not the most suitable strain and 
we could anticipate difficmlties in our transmission experiments. 

We began the experiments, as in the case of horsesickness, with 
the injection of infected mosquitoes after intervals varying between 
^ and 19 days, dating from the infective meal. In most cases an 
interval of from 5 to 15 days xvas chosen. In the event of a positive 
case being obtained by this method it was our intention to attempt 
the further transmission of the infection by the feeding of the same 
species of mosquitoes on 8uscej)tible sheep. 

The experiments here under review in this section were com- 
menced in November, 1931, and concluded in March, 1932, when we 
obtained a positive case and at the same time also received material 
from natural “ field ’’ cases. The work was interrupted for more than 
a month by our attempts to transmit further what we took to be a 
successful case caused by the original vaccine strain of the virus, 
but wdiich eventually turned out to be a doubtful temperature 
reaction. 

For these experiments we used six different species of mosquitoes, 
viz., Aedes caballuSy A, dentatvs, A. hirsutuSy A, lineatopenniSy A, 
pvnctothomcis and A, vittaUis. Aedes cabal lusy A, Uneatopenvis 
and A, hirsntus were regarded as the most probable vectors tor 
reasons outlined above. Aedes dentatns and A. rttfatas were looked 
ui)on as of secondary importance, whereas A. pvnctothoracis w^as not 
considered to be of any practical significanc e. 

In all, 12 experiments were made in which about 250 mosquitoes 
were injected into 10 sheep. After an observation period of three 
weeks or more, these sheep were all injected w ith 1 to 2 (.‘.c. of blue- 
tongue vaccine (hereafter referred to as B.T.V.) in order to test their 
susceptibility oi- immunity. Whenever it was considered necessary 
blood from the experimental sheej) showing a febrile reaction was 
injec^ted into one or two susceptible animals in order to verify the 
original reaction. 

In the following pages the various experiments themselves will 
be described and thereafter a discussion of the results of all the 
experiments together wdll be given at the end of each section. 

{a) VmiTs Sheep. 

Six sheep were used in this series of experiments whereon the mosquitoes 
were fed. They were injected with the following B.T.V. material ; 47th 
generation (batch 809), 48th generation (sheep 31930) or with blood from one 
of our own vaccine virus sheep (49th generation). 

Virus sheep 1 (=sheep 32230). Injected on 14th November, 1931, with 
1 c.c. B.T.V. 31930. 
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llemli. — Temperature normal up to 18th November a.m. ; p.m. 105. 4° ; 
the following morning 103.8°. Temperature on 20th, 22nd, 23rd, 26th and 27th 
Noveml)er between 104° and 104.6°. The temperature reaction was thus not 
very marked. 

With blood from virus sheep 1, two other sheep, viz. 32338 and 31651, were 
injected. The first sheep showed a typical temperature reaction with 106.9° 
as maximum. In the case of the second sheep the reaction was weak, the 
temperature not exceeding 104.7°. 

Virus sheep 2 (=sheep 32331) infected in experiment No. 1 (for temperature 
reaction see experiment 1). 

Virus she<^p 3 (—sheep 32338) injected on 26th November wnth 1 c.c. blood 
from virus sheep 1. 

Ijesult. — On 2nd D<*<*ember the temperature began to rise and the febrile 
reaction lasted for 5 days. On 2nd December the temperature? registered 103.8 
and 105.6° (morning and afternoon), on the 3rd 105.5 and 104.8°, the 4th 
106.5 and 106.9°, the 5th 106.2 anel 105.2°, the 6th (a.m.) 104.2° and the 7th 
104° and 103.5°. This was looked upon as a medium reaction. 

Viru.s sheep 4 (=:sheep 31635). Injected on 27th January, 1932, with 2 c.c. 
B.T.V. 31930. 

lieault . — Temperature normal up to the morning of 1st February. After- 
noon temperature 104.2°; 2nd (a.m.) 103.3°; 3rd 105.0° and 104.9°; 4tli 105.8° 
and 106.2° ; 5tb 105.3° and 104°; and 6th and 7th between 104.0° and 105.0°. 
This was (pnte a good reaction, lasting 7 days and showing a maximum of 
106.2°. 

Virus sheep 5 ( — sheep 31582). Injected on 18th February wdth 2 c.c. 
B.T.V., batch 809, reported by the Government Veterinary Officer, Barberton, 
as having caused mortality amongst sheep immunized with it under field condi- 
tions. In a number of sheep injected with the material at ibe laboratory the 
eoiirse of the intection was, howev^T, identical to that produced by our 
ordinary vaccine virus. 

lU'sult . — Tb<* temperature remained b(4o\v 101° up to 22nd February. On 
the 23rd it rose to 104 and 104.4°; the 24th 104 and 101.6°; 25tb 105.7 and 
106.4; 2()th 105.4 and 104.7; 27th 105.0 and 105.3; 28th (a.m.) 105.2°; 29th 
106 and 106,3; l.st Marc'h 105.0 and 105.4°; 2nd 1()4.0 ii.m. and p.m. and on 
the 3rd 103.2 and 104,1. IMiereafter the temperature remained below 103.6. 
This temperature reaction was very marked, the maximum being 106.4 and 
the duration about 10 days. 

Virus sheep 6 ( = 32120). Injected at the same time as virus sheep 5 with 
the same material. 

lifsvtt . — The temperature reaction in virus sheep 5 was normal (below 
104) up to 2nd February. On the 3rd it rose to 104.4 and 105.6 ; 4th 105.6 and 
107.2; 5tli 100.0 and 104,0: (Jth 103.8 and 104.4; 7th (a.m.) 105.2. From 
8th February onwards the temperature remained normal. This reaction was 
of medium intensity, lasting 5 days, with a maximum temperature of 107.2°. 

(h) Experiments vvttii Aedcs rahallvs. 

Aedes ccihalhis was used in six experiments in which a total of 124 specimens 
were injectf?d into susceptible sheep after intervals of from 18 hours to 16 and 
17 days. 

The virus sheep Nos. 1, 2, 3 and 6 were used for feeding the mosquitoes on. 

The mosquito groups consisted of : 

Crovp 1. — Fed on the afternoon of 19th November, 1931, from virus sheep 
1, the second day of fever. Temperature 103.8 and 103.2. Of these mosquitoes, 
hatched from larvae, 19 specimens engorged. Used for experiments 1 and 2. 

Group 2. — Remainder of group 1. Fed on 20th November from same 
virus sheep on third day of fever. Temperature 104.2. 20 Specimens engorged. 
Used for experiments 2 and 5. 

Group 3. — The unengorged mosquitoes of group 2, fed on same virus sheep 
between 20tb November (afternoon) and the following morning. Third day of 
fever. Temperature 104.2 and 103.8. 23 Specimens engorged. Used for 

experiments 2 and 5. 
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GrOUrp 4. — Fed on virus sheep 2 on 25th November (afternoon). First day 
of fever. Temperature about 105.2. 11 Specimens (caught as adults) engorged. 

Used for experiment 3. 

Group 5. — The same material as above fed on virus sheep 2 during the 
following night. Second day of fever. Temperature 105.2 and 104.8. 36 

Specimens engorged. Used for experiment 3. 

Group 7. — Fed during the night of 3rd December, 1931, on virus sheep 3. 
Second day of fever. Temperature 104.8 and 106.5. 51 Specimens (caught as 

adults) engorged. Used for experiment 6. 

Group 8. — Fed on the same virus sheep during the following night. Third 
day of fever. Temperature 106.9 and 106.2. 29 Specimens (caught as adults) 

engorged. Used for experiment 6. 

Group 14. — Fed on virus sheep 6 during night of 25th February, 1932. 
Third day of fever. Temperature 106.4 and 105.4. 75 Specimens (hatched from 

larvae) engorged. Used for experiment 4. 

Expekiment 1 (B.T. 1). 5 Aedes cahaUus, 

Injection, Interval 18 hours. Sheep 32331. 

On 20th November, 1931, this sheep was injected subcutaneously with an 
emulsion of five specimens of A. cahallus (group 1), which had fed the previous 
afternoon on an infected animal. 

Ileaction , — On 24th November (4 days p.i.) the sheep showed the first rise 
of temperature, up to 105®, and on the next day 105.2. On the 26th a slight 
fall occurred, and on the 27th the temperature registered 103.2 in the morning. 
The same day it rose to 108° only to commence falling the following day again 
(106.2 and 105.3), and from 1st December, the temperature regained normal 
where it remained. 

Immunity test . — On 11th December, three weeks after the injection of the 
mosquitoes, the sheep was tested for immunity by the injection of 1 c.c. B.T.V. 
subcutaneously. During the following three weeks (the day of injection 
excluded) the temperature reac*hed 104® for only one afternoon. The super- 
infection was thus negative and the sheep immune. 

Suhinoculations . — On 25th Novemlier, two sheep, Nos. 31722 and 32346, 
were each injected subcutaneously with 1 c.c. blood from sheep 32331. The 
former sheep showed a typical reaction with 107° af» maximum, whereas in the 
latter the reaction was very weak or even doubtful. 

The result of the main experiment was therefore positive, confirmed by 
immunity test and subinoculation into other sheep. 

Experiment 2 (B.T. 2). 20 Aedes cahallus. 

Injection. Interval 5 days. Sheep 32335. 

Into this sheep were injected subcutaneosuly 20 A. cahallus which had fed 
approximately 5 days previously on an infected sheep. Seven specimens of 
group 1 were inje<jted on 24th November, the same number of group 2 the 
following day, and on the day after 6 of group 3. 

Reaction . — On 2nd December, 8 days after the injection of the first group 
of mosquitoes a rise of 'temperature occurred, 104.3° being registered, which, 
however, was not maintained, the temperature regaining normal the following 
day. 

Immunity test . — On 15th December, three weeks after the (‘ommencement 
of this experiment, the immunity of the sheep was tested by the subcutaneous 
injection of 1 c.c. B.T.V. The temperature rose 9 days later, reaching its 
maximum, 106°, the same day. It remained above 104® for four days. This 
reaction may be C/onsidered as moderate. 

Itesidt . — There may have been a slight immunity developed in this ca.se 
but the experiment would appear to be negative. 

Experiment 3 (B.T. 4), 30 Aedes cahallus. 

Injection. Interval 5 days. Sheep 32303. 

Into this sheep 30 specimens of A. cahallus were injected after the same 
interval as in the preceding experiment, 8 specimens of group 4 on 30th 
November and 22 of group 5 the following day. 
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liedctioTh . — On 8th Oeceinber, 7 days after the injection of the lost group 
of mosquitoes, a weak, hut quite definite, febrile reaction commenced, which, 
however, lasted only four days. On 8th December the temperature registered 
102.8 and 104.5°; 9th 104 and 105°; 10th 103.3 and 105.9; llth 103.6 and 
104.0. The temperature then returned to normal, remaining thereafter under 
103.8°. 

Immunity test . — On 23rd December, 22 days after the last injection of 
mosquitoes, the immunity test consisting of 1 c.c. B.T.V. subcutaneously, was 
applied. The temperature rose to 104.7 on 28th December and two days later 
reached 107. The whole reaction lasted 4 days, and was quite typical. 

Subinoculdtwfi. — Blood from this sheep, taken on 10th December during 
the short febrile reaction, was injected on that date into shee]) 32149. During 
an observation period of three weeks this sheep never show'ed a temperature 
surpassing 104<^ for longer than half a day. The sheep was tested for immunity 
three weeks after the injection by the .subcutaneous inoculation of B.T.V. A 
marked febrile reaction resulted, lasting 9 days and showing a maximum of 
108°. 

The result of this experiment must be regarded as doubtful, probably as 
negative. There was a (*<^rtain febrile reaction, just at the time when it could 
be expected, but it was not very marked. The immunity test was positive, 
the sheep therefore not having acquired any immunity. Furthermore, a sub- 
inoculation of blood into a susceptible sheep w'as negative. 

Kxpeiument 4 (B.T. 14a). 40 Aedes eahoUus. 

luievt ion. Interval 7 days. Sheep 31713. 

This sheep was injected subcutaneously on 4th March, 1932, with 79 
mosquitoes belonging to six different species of Aedes, viz., 40 A. cahallvs, 3 A. 
dentatus, 2 A, hnsufus, 30 .4. hneatopentns, 1 A. punrtothoracis and 3 A 
vittaius. All these mosquitoes had been fed about 7 days previously on an 
infected sheep. The 40 .1. caltallus which alone concern us hi're belonged to 
group 14. 

Iteavtwn. — The day following the injection a slight rise in temperature, to 
104.2°, took place, hut theieafter the temperature remained constant, varying 
betw’eeii 101.8 and 103.8°. 

Imiuuiuty test. — On 5th April, one month after the injection of moscjuitos 
this sheep was injected with 2 c.c. B.T.V. Four days later the temperature 
rose, passing 104 and reaching 107.4° on the 7th day p.i. The temperature 
r<*actioii was marked and lasted seven days. 

liesult .— -As shown by the immunity test the sheep had remained fullv 
susceptible and the experiment w’as thus negative. 

Expruimknt 5 (B.T. 5). 14 Aedes cnhallus. 

Injection. Interval 15 days. Sheep 32333. 

14 Mosquitoes, which had fed approximately 15 days previously from an 
infected sheep during the tliird day of its fever reaction w’ere injected into 
the above sheep as follow’s: — 9 Specimens of group 2 on 5th December, 1931, 
and two days later 5 of group 3. 

Reaction . — During an observation period of three w^eeks the animal show^ed 
no typical temperature reaction, except that the day following the second injec- 
tion the temperature rose to 104.2° and later, on the Gth, the 12th and the 15th 
days after the first injection temperatures of 104.3, 106.4 and 104.2° were 
recorded. These temperatures were, however, not maintained for periods of 
longer than ^ day in each case, and were therefore considered as of no conse- 
quence. 

Immunity te.st. — On 28th December, three weeks following the last injec- 
tion of mosquitoes the sheep w'as injected with 1 c.c. B.T.V. Four days later 
the temperature reached 105.6°, and after a further period of two days 106.4°, 
wras recorded which constituted the maximum. The reaction persisted for five 
days and though not marked was quite typical. 

Suhinoc illation. — 1 c.c. blood from this sheep taken one day after the sliort 
rise of temperature to 106.4°, was injected into sheep 31236 on 18th December. 
During an observation period of 27 days the temperature did not exceed 
103.4° This sheep w'as then subinoculated with 1 c.c. B.T.V. and seven days 


517 



INVESTIGATIONS INTO THE TRANSMISSION OF BLITETONGUE IN SHEEP. 


later the temperature rose to 106.2°. The whole reaction lasted 2-2^ days and 
was not very marked. There existed therefore the possibility of a certain 
amount of immunity having been developed. 

Result . — In our opinion the experiment must be regarded as negative y 
as the sheep had shown no typical reaction and later proved to be susceptible 
to bluetongue. Furthermore, a subinoculation of blood into another sheep 
failed. 


Experiment 6 (B.T. 10). 16 Aedes cahaUus. 

Injection. Interval 16-17 days. Sheep 32340. 

In this experiment 15 A. cahallus, 9 of group 7 and 6 of group 8, were 
injected on 26th December, 1931. These mosquitos had fed 16-17 days pre- 
viously on an infected animal during the second and third days of fever. 

Reactions. — Exacerbations to 104*^ occurred during the first week following 
the injection, but thereafter 103.4° was the maximum temperature recorded 
in the course of the observation period of 25 days. 

Immunity test. — On 15th January, 1932, the sheep was inoculated with 
1 c.c. B.T.V.y the injection being followed by a marked reaction, 100°, constitut- 
ing the maximum, was reached on the 7th day p.i., and on the 11th day the 
temperature fell to 102°. The temperature remained above 104° for four days. 

ResuJt. — This experiment was theivfore negatfvr. 

(r) Experiments with Aedes lineatopcnnis. 

With A. lineafoj)eriuis four experiments were conducted and 112 sjiecimens 
injected into susceptible sheep. 

Virus sheep Nos. 1, 4, 5 and 6 were used, and the mosquito groups 
consisted of : 

droup 1. — Fed on virus sheep 1 on 20th November (afternoon). Third day 
of fever. Temperature 104.2°. Four specimens (caught as adults) engorged. 
Used for experiment 7. 

Group 2. — Fed on the same virus sheep during the following night. Third 
day of fever. Temperature 104.2 and 103.8°. 26 vS])ecimens (caught as adults) 

engorged. Used for experiments 7 and 9. 

Group 5. — Fed on virus sheep 5 during the night of 4th to 5th February. 
Second to third day of fever. Temperature 107.2 and 106.0°. 90 Specimens 

(caught as adults) engorged. Used for experiment 10. 

Group 6. — Fed at same time on* virus sheep 4. Third day of fever. 
Temperature 106.2 and 105.3°. 42 Specimens (caught as adults) engorged. 

Used for experiment 10. 

Group 7 . — Fed during the following night on same virus sheep. Fourth 
day of fever. Temperature 104 and 105°. 40 Specimens ((‘aught as adults) 

engorged. Used for experiment 10. 

Group 8. — Fed on virus sheep 5 during the same night. Third to fourth day 
of fever. Tempt^rature 104 and 103.8°. 32 Specimens (caught as adults) 

engorged. Used for experiment 10. ‘ 

Group 9. — Fed on virus sheep 6 during the night 25th to 26th February. 
Third day of fever. Temperature 106.4 and 105.4°. 42 Specimens (reared from 

larvae) engorged. Used for experiment 8. 

Experiment 7 (B.T. 3). 20 Aedes lineatopennis. 

Injection. Interval 5 days. Sheep 31848. 

20 A. lineatopennis were injected into this sheep about five days after their 
infective meal. They were comprised of 3 of group 1, injected 26th November, 
1931, and 17 of group 2 injected the following day. They had fed on an 
infected sheep during the third day of fever, its temperature of 104.2° at the 
time, however, having been very low. 

Reaction. — During an observation period of three weeks the sheep showed 
no typical febrile reaction. The temperature passed 104° shortly after the 
injection and again four days after the second injection, but in each case was 
maintained for only i day. 
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Immunity test . — On 17th December the sheep was inoculated with 1 c.o. 
B.T.V. The temperature commenced rising four days later, the fever lasting 
five days with a maximum of 105.6°. The reaction was thus very mild. 

Itesult . — The sheep being susceptible, the experiment must be regarded as 
negative. 

Expriument 8 (B.T. 14b). 30 Aedea Irneatoperi'nis. 

Injection. Interval 7 days. Sheejy 31713. 

Into this sheep 30 A. lineatopeimi^ of group 9 were injected on 4th March, 
1932, together with 49 specimens of five other Aedes species. 

The course of tlie exi>eriment has already been described under experiment 
4, and there the result was shown to be negative. 

Exi^erimknt 9 (B.T. 6). 2 Aedes lineatopenn is. 

Injection, [nterval 16 days. Sheep 31683. 

On 12th I)e(‘ember, 1931, two A. lineatopenn is of group 2 which had had 
an infective feed 16 days previously were injected into this sheep. 

Reaction . — No febrile reaction (Recurred throughout the observation period 
of more than five weeks, although 13 days p.i. the temperature exceeded 104° 
for a jieriod of half a day. 

On 14th January, 1932, this sheep was used in experiment 17 {Aedes 
vittatiis as a control, but with negative rosiilts. 

The un in nn itif te.st was conduc*ted on 11th February by the subcutaneous 
inoculation of 1 c.c. B.T.V. The r<*sultant febrile reaction, with an incubation 
period of 6 days, a duration of 5 days and with maximum of 106.4°, was 
typical. 

Result . — The experiment must, therefore, be regarded as negative. 

p]xPKiuMENT 10 (B.T. 13). 60 Aedes linentopenni.s. 

Inject toil. Interval 17-19 days. Sheep 31703. 

In this experiment 60 A. lineatopennis of groups 5 and 8 were injected on 
22nd February, 1932. The mosquitoes had fed on tlie second to fourth days 
of the lever reaction on virus sheep 5 and 6, i.e. between February 4th ji.m. 
and 6th a.ni., thus 17 to 19 days liofore. 

Reaction . — On the 2nd, 3rd and 8th days following the injection tempera- 
tures lietween 104 and 104.4° Avere recorded, otherwise tlie temperature 
remained normal. On 3rd March, the 10th day, p.i. a definite fever reaction 
set in wdiich lasted until lOtb March, i.e. 8 daj's. The maximum was 106.2° 
and on three days the temperature remained above 105°. Although of medium 
intensity this reaction was neA'ertheless quite d+*finite. [For exact temperatures 
of virus sheep 8 (p. 20).] 

hninunity test . — This sheep was tested for immunity on 5th April, 43 davs 
after the injection of mosquitoes, by the subcutaneous injection of 2 c.c. B.T.V. 
During an observation period of three weeks the temperature remained normal, 
varying between 101.8 and 103.4°. A complete, immunity had therefore been 
acquired. 

SubinocuJation . — On 10th March, two sheep, 31556 and 32269, were each 
subinoculated with 2 c.c. blood from the above-mentioned animal, taken the 
day after the height of the febrile reaction. Both these sheep showed typical 
bliietongue reactions. In the first case the temperature commenced rising on 
the fifth day, p.i. and returned to normal on the 13th day, exceeding 104° on 
seven days with 106° as maximum. The second slieep reac'ted on the sixth 
day, the temperature remaining above 104° for six consecutive days with a 
maximum of 106°. On 10th April, 31 days after the injection of blood from 
the experimental animal, the immunity of these two slieep was tested by the 
inoculation of 2 c.c. B.T.V. The temperatures remained normal throughout 
the observation period of three weeks, varying between 101.4 and 103.4 in the 
first case and 1(^.3 and 104° in the latter animal. 

Result . — This exiieriment is therefore definitely po.sifirc. The injection 
of the infected mosquitoes was followed, after an incubation period of 10 days, 
by a typical bliietongue reaction and the sheep later proved to he immune. 
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Subinoculations of blood into two susceptible sheep produced typical tempera- 
ture reactions, these sheep subsequently developing complete immunity to blue- 
tongue. 


{d) Experiments with other Aedes Species. 

Apart from A. cahallus and A. lineatopennis, small ntimbers of four other 
Aedeff species were used, viz., A, vittatus, A, dentaius, A, hirsutus and A, 
%mnctoth oracis. 

Virus sheep Nas, 3 and 6 and mosquito groups : 

A. vittatuSf {fvoii'p 1. — Fed on virus sheep 3 during the night, 4th to 5th 
December, 1931. Third day of fever. Temperature 106.9-106.2°. Seven 
specimens (reared from larvae) engorged. Used for experiment 11. 

A, vitfatufi^ group 3. — Fed on virus sheep 6 during the night, 25th to 26th 
February, 1932. Third day of fever. Temperature 106.4-105.7°. Three speci- 
mens (reared from larvae) engorged. Used for experiment 12. 

A. dentatus, group 3. — Fed on virus sheep 6 together with A, vittafuSy 
group 3. Four specimens (reared from larvae) engorged. Used for experiment 
12 . 

A. hirsutus, gi'oup 4. — Fed together with A. vithttus, group 3. 3 specimens 

(reared from larvae) engorged. Used for experiment 32. 

A. punctothoraciSj group 2.- --Fed together with the preceding group. — 1 
specimen (reared from larvae) engorged. Used for experiment 12. 

Exi'Eriment 11 (B.T. 7). 6 Aedes nifufu.i. 

Injection, Interval 5 days, Sheep 3230H. 

On 10th December, 1931, 6 A. vitiatus of group 1 were injected into tliis 
sheep. The mosquitoes had fed five days previously on an infected sheep during 
the third day of fever. Another injection of mosquitoes into his sheep was made 
seven days later, but this will he referred to under experiment 16 in the 
following chapt<^r, 

Reaction , — The temperature remained normal for 19 days, wlien a sudden 
but short rise to 105.6° took place. This was tolIowt?d by a period of three 
weeks in which the temperature remained normal. During the following week 
fluctuations to 104 and 104.8° occurred. 

Immunity test , — On 27th January, after an observation iieriod of about 
seven weeks, the sheeji was inoculated* with 2 c.c, B.T.V. Seven days later the 
temperature rose to 105^, the reaction being mild but typical, lasting 4J days, 
with 105.8° as maximum. 

Result , — This experiment was negative. No typical reaction had occurred 
following the injection of mosquitoes and the sheep had remained susceptible. 

Experiment 12 (B.T. 14c). Aedes vitfatus, A. hirsutus and A. punciothoracis. 
Jnjectioih. Interval 7 days. Sheejt 317,13, 

Into this sheep six different species of mosquitoes were injected, which 
included A. cahallus and A. lineatopeimis mentioned under their respective 
heads, and 3 A. mttatus, group 3, 3 A. dentatus, group 3, 2 A. hirsutus, group 
4 and 1 A. puncfothoracisy group 2. 

A full description of this experiment has been given under experiment 4 
{Aedes cahallus). 

The result, as mentioned therein, was negative, 

(e) Results of the Injection of Mosquitoes infected with 
Bluetongue Vaccine Virus. 

In 12 experiments we injected into susceptible sheep 251 
mosquitoes which had fed on sheep experimentally infected with a 
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vaccine strain of bluetong^ue virus from ^ to 19 days previously. 
These mosquitoes were of the following species : — 

Aedes cahalus^ 124 specimens. Acdes punctothoracis, 1 spe- 

Aedes dentatus, if specimens. cimen. 

Aedes hirsutvs, 2 specimens. Aedes vittatus, 9 8i)ecimen8. 

Aedes lineatopen/iis, 112 spe- 
cimens. 

In the case of two of these experiments the transmission was 
successful . 

In the first of these two experiments (experiment 1) 5 Aedes 
cahalhis were injected i day after liaving fed on an infected sheep. 
The febrile reaction in the experimental animal was very marked, 
the maximum temperature being as high as 108®. 

This j-esult indicated that 5 nios(|uitoes are ca])able of taking up 
sufficient virus to re])roduce tlie disease. 

This was certainly remarkable in view of the fact that the 
reac'.tion in the virus sheej) from which the mosquitoes had fed 
had been very weak. In fact, had such a reaction occurred in our 
ex])erimental sheep, we would have been inclined to regard it as 
doubtful or even negative. 

The second positive experiment (experiment 10) is of more im- 
portance. It seived to demonstrate that the hlucioncfue virus is 
ctipahle of persist i n (j in Aedes lineatopennis in a fnltij virulent furni 
for periods of at least 17 days, 

00 Sj)eciniens were injected subcutaneously, and after an incuba- 
tion period of 10 days a tyy)ical fever reaction resulted, which lasted 
for 8 days. When injected almost It monihs later with the same 
strain of virus tlie sheep proved to be completely immune. Two other 
sheep, subirioculated with blood from this animal taken during its 
reaction, showed typical reactions, themselves later acquiring com- 
})lete immunity. 

The other experiments were all negative with the exception of 
one (viz. : exj)eriment 8), which may be looked upon as doubtful. In 
this case a somewhat aty])ical reaction occurred which could possibly 
have been due to a mild infection with bluetongue, but when tested 
for immunity the sheep proved to be normally susceptible. 

The negative experiments and the one doubtful case embody the 
injection of 180 mosquitoes at varying intervals after the infective 
meal as follows : - 

b to H days after feeding, 15 to 17 days after feeding, 

90 Aedes eaballus, 29 Aedes cahallus, 

d Aedes dentatus, 2 Aedes hneaiopennis, 

2 Aedes hirsvt/us, 

50 Aedes lineatopennis. 

1 Aedes punctothoracis, 

9 Aedes dentatus. 

We will here limit the discussion to the experiments with Aedes 
eaballus and A, lineatopennis as the number of specimens of the 
other species used was very small. 

521 



INVESTIGATIONS INTO THE TRANSMISSION OF BIATETONGUK IN SHEKl*. 


We obtained one positive result with 112 Aedes lineatopennis 
injected and only negative results with A, cahallus, with the excep- 
tion of experiment 1, when 5 A. cahallus injected half a day after 
feeding produced a positive reaction. This case, however, we do not 
regard as being of much importance in view of the actual transmis- 
sion as not sufficient time was allowed for the development of the 
virus in the insect host. The number of experiments conducted is 
certainly not sufficient to jmslify the com lusion that one species is a 
probable transmitter and the other not. 

The qtiestion ])re8ents itself, What can the reason be for the 
negative results? The chance of the virus developing in the mosquito 
may be quite small. This may be an important factor. It will be 
recalled that the virus which we used had been passed through a 
large number of generations from sheep to sheep by subinoculation 
in the laboratory. By these succesvsive subinoculatioiis it had been 
transformed into a vaccine virus, a mucli attenuated strain, and thus 
one profound biological alteration had taken place. Another altera- 
tion, a change, possibly a reduction, in its developmental capacity in 
the insect lujst would, therefore, not be at all sur]>rising. 

Another possibility is that the different virus sheep may not have 
been equally suitable for infecting the mosquitoes. We used 6 sheep 
in these tests. On virus sheep 4 and 5 the ^1. lineatopennis, which 
transmitted the infection, were fed. On the others the following 
mosquitoes fed : — 

Sheep 1, 84 J. rahalJvs, 22 A. Iine-(ifopen nis, Itesult negative. 

Sheep 2, 80 A, eahallus, nil. Result doubtful. 

Sheep 3, 15 A, cahallvs, nil. Result negative. 

Sheep 6, 40 A. cabalJns, 30 A, lineatopennis. Result negative. 

In virus sheep 1 the reaction was a very mild one, and only 
exceptionally would we utilize such a case for feeding mosquitoes on. 
However, on this same sheep those mosquitoes fed which, injected 
the following day, produced a marked reaction in experiment 1. The 
other mosquitoes which fed from virus sheep 1 must therefore also 
have taken up sufficient virus. 

Sheep 2 gave the doubtful case. 

In the case of sheep 8 only 15 specimens were used. 

Sheep 6 is, however, quite remarkable in that 79 mosquitoes 
(‘omprising 40 A, eahallus and 80 A, lineatopennis, which fed from 
it, were injected 7 days later without result, notwithstanding the fact 
that the febrile reaction was very marked. 

It is, therefore, not unreasonable to suppose that the virus in 
one sheep is more capable of developing in mosquitoes than is that in 
another sheep. On the other hand, as the same virus strain was used 
to infect all the animals, the varying results experienced may have 
been due to a general reduction in the developmental capacity of the 
strain in mosquitoes. Apart from this only a certain period in the 
duration of the febrile reaction may be suitable for the infection of 
the mosquitos. We were unfortunately not able to carry out a 
sufficient number of experiments to definitely ascertain this point. 
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IV. EXPERIMENTS WITH VIRUS COLLECTED FROM A 
DOUBTFUL CASE OF BLUETONGUE PRODUCED BY THE 
INJECTION OF MOSQUITOES FED ON B.T.V. VIRUS. 

In tlie proceed iiig section we discussed (experiment 8) a doubtful 
case of bluetonj^ue produced by the injection of A, cahaUvs 5 days 
after feeding*. I'he temperature had suggested a mild reaction of 
bluetougue, and we ho])ed that this si rain, which we considered had 
displayed some slight aptitude for developing in the inseitt, would 
regain its natural virulence in time by further passage through mos- 
quitoes. It must be mentioned thai the result of the immunity test 
did not become known until after the following experiments had 
been condu(*ted. 

In this series of exj)eriments the same procedure was adopted, 
viz., the sulxuitaneous injection of emtilsified mosquitoes at intervals 
of 5 to 20 days after the infective meal. 

We used 57 specimens of mosquitoes belonging to three s})ecies of 
Aecles, viz.. A, dcnlains^ A. hirauluH and A. vitfatuSy as w^e had no 
others at oTir disposal at that time. 

For the feeding of the mosquitoes the following sheep was 
used : — ■ 

V^irus shee^) 7 (sheej) 82808). This sheep was the same as that 
used in experiment 8 (Ardcs rahalJifs), and the course of the tem- 
perature rea(‘tioii has been fully described under that experiment. 

A. Eximummkxts AVITIT Ardrs dental us. 

Only ono ex()CM’iin<*nt , with 9 spec* in ions, was made with this specie's. 

V^irus sheep 7. 

Mosqutto group 2. — Fed on virus sheep 7 diirinjj; the nip^ht of lOth to 11th 
December. Tlnrd day of fever. Tem]»erature 105.9-103.6°. 14 specimens 

(reared from larvae) eiipjorged. Used for experiment 13. 

Kxcrkimknt 13 (JUT. 8). 9 Ardes dentolus. 

Jujrctoni. lufenud 5-6 days. Slirep 32046. 

On 17th DiM-ember, 1931, 9 .1. drnfatu.s of group 2 were injected into the 
above sheep which, 5-6 days previous, had ted on an infec ted sh<*ep during the 
third day of its febrile reaction. 

Itenction . — For the first 11 days tlie temperature remained normal. On 
29th December it rose from 103.6° (a.m.) to 105.2°, falling the following 
morning to 103°, hut rising again that afternoon to 106°. Thereafter it 
remained normal for one week only, to rise again to 105° on 8tli January, 
where it remained for only half a clay. This was followed by three days of 
normal temperature, when a further rise occurred. On 12th January, 104.2 
and 105.0® were recorded; on the 13th 104.8 and 104.9°, and on the 14th 
104.2 and 102.6®. Thereafter no further abnormal temperatures were registered, 
although the sheep was kept under ohser\atK»n for the following three months 
to ascertain whether these sudden temperature elevations were rt'gular or 
periodic occurrences. 

On 21st March the immunity test w^as applied, 2 e.c. B.T.V. being injected. 
This injection was followed by a reaction six days later, the temperatiire 
remaining elevated (above 104®) frr 5^ days, with a maximum of 106.8°. The 
sheep had therefore acquired no immunity. 

Suhinoculation . — On 31st December, the day following the second rise in 
temperature, a subinoculation of 1 e.c. blood from this sheep was made into 
sheep 31979. Four days later a rise occurred, 106® being reached, followed 

528 



INVESTIGATIONS INTO THE TRANSMISSION OP BLUETONGUE IN SHEEP, 


on the next day by temperatures of 105.2 and 103.4®. It then returned to 
normal, but on the 13th day, p.i. there was another short rise to 105.2°. The 
sheep was kept under observation for over 11 weeks, during which period the 
temperature^ although slightly irregular, only three tirne^ exceeded 104 for 
half a day in each case. On 21st March this sheep was inoculated with the 
same virus as that employed in the case of the original sheep. The ensuing 
reaction was very marked, persisting for days with a maximum of 106.8°. 

Besult, — It is rather difficult to form any definite conclusion in this case 
and we prefer to regard the result as doubtful. The original sheep, which, 
prior to the mosquito injection had registered a very constant temperature, 
showed a somewhat doubtful reaction after an incubation period of 13 days. 
Furthermore, in the sheep subinoculated from it a slight temperature reaction 
occurred but in neither case was any immunity developed. 

B. Experiments with Aedes Hirsvtus. 

Aedes hir.mtus was made use of in two experiments wherein 26 specimens 
were injected 6 and 16 days after the infective feed. 

Virus sheep 7 and mosquito group : 

Croup 3. — Fed on virus sheep 7 during the night of 10th to 11th December. 
Third day of fever. Temperature 105.9 and 103.6°. 29 specimens (reared from 

larvae) engorged. Used for experiments 14 and 16. 

Experiment 14 (B.T. 9). 20 Aedes hirsufus. 

luieetioTi. Interval 5-6 dxjys. Sheep 32118. 

On 17th December, 1931, 20 Aedes hirsutus of group 3 weie injected. These 
mosquito(^s had fed 5-6 days before on an infected sheep during the third day 
of a febrile reaction. 

Iteaetion. — A rise in temperature occurred on 25th December^ the readings 
being 104.6, and a little later on 105.6, followed the next morning by 103.8°. 
Unfortunately morning temperatures only were taken (holidays). On 30th 
December and 13th January temperatures of 106 and 104.8°, respectively, were 
recorded, which were, however, only fluctuation.s. Further fluctuations of 
106 and 106.4° occurred on 2l8t and 25th January, followed by normal tempera- 
tures for the remainder of the observation period of almost 10 iveeks. 

Immunity test. — On 5th April, 1932, 110 days after the injection of the 
mosquitoes, the immunity w’as tested by the injection of 2 c.c. B.T.V. A 
marked febrile reaction followed, commencing 6 days later and lasting for 5 
days with a maximum temperature of 107®. 

A suhinorulation of 1 c.c. blood from this sheep vras made into sheep 
31764 on 28th December, 3 days after the slight initial temperature reaction 
referred to above. From 31st December to 9th January, the 4th to the 12th 
day following the inoculation, the sheep showed an extremely irregular 
temperature exceeding 104° on 5 days (on 2 days aftieruoon temperatures w^ere 
not recorded), whereon 106°, 106.7®, 105.2°, 1()4.8° and 105® were registered. 
These elevations were in each case followed on that or the following day by 
drops in temperature to 103° or lower. The temperature remained more 
regular during the ensuing* four weeks exceeding 104° for, half a day on only 
one occasion. On 10th February, the immunity test was applied, 1 c.c. B.T.V. 
being injected. After an incubation period of 6 days a short but definite 
reaction occurred which lasted for days, 106.8® being the maximum 
temperature. 

The results of this experiment are not altogether clear. A slight tempera- 
ture reaction followed the injection of mosquitoes, but the immunity test clearly 
demonstrated that no immunity had been acquired. Another sheep, sub- 
inoculated with blood from this animal, showed a very irregular temperature 
over a period of 8 days, running up as high as 106.7° on one occasion. This 
reaction was not typical for bluetongue, but similar reactions are met with 
from time to time in siibinoculations of the vaccine virus strain. The reaction 
following the immunity tost of the second sheep was mild, lasting for only 2^ 
days, seeming to indicate that some slight immunity had been developed. 

The transmission in this experiment must, therefore, be regarded as 
doubtful, in all probability negative. 
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Experiment 15 (B.T. 11). 6 Aedes hirmtus. 

Injection. Interval 16 days. Sheep 32298. 

This sheep was injected with 6 Aedes hirsufvs of the same group as those 
used in the preceding experiment, but 16 days after the infective meal. 

Reaction . — The temi)erature remained normal for 12 days, varying between 
101.5 and 104°, On lOtb January, a mild temperature reaction commenced, 
lasting three days, and accompanied by discharges from the nostrils. Tempera- 
tures of 106 and 103.2° were recorded on 10th January, on the 11th 105.2 and 
105°, on the 12th ia3.4 and 105.2° and on the 13th 103.2 and 102.6°. During 
this reaction an occasional rise in temperature up to 106.2° was noted. The 
animal was kept under observation for the following 11 weeks, during which 
time it showed a very regular temperature, only twice, for periods of half 
a day at a time, reaching 104°. 

Immunity test . — On 5th April, 99 days after the injection of mosquitoes the 
immunity was tested by the injection of 2 c.c. B.T.V. Six days later a very 
marked febrile reaction followed, lasting 7 days, with a maximum temperature 
of 108°. 

Suhinoculation . — Blood from this sheej) taken on 11th and 14tli January, 
during and shortly after the reaction referred to above, was injected into 
sheep 32349 on the latter date. Throughout the course of an observation period 
of more than 12 weeks no definite febrile reac'tion occurred. On the 4th, Gth and 
7th days, p.i. slight rises in temperature to 104 and 104.4° occurred, and on the 
20th day, p.i. 105® was exceeded for half a day, otherwise it remained normal. 
88 days after the injection (i.e. on 11th April) the* sheep was tested for 
immunity by the subcutaneous injection of 1 c.c. B.T.V. The reaction which 
followed was very marked lasting 8 days with a maximum temperature of 106.7®. 

On 27th April a further sheep (No. 34738) was injected with preserved 
blood taken on 11th January from the original .sheep (No. 32298), but in this 
case 10 <*,c. were injectod intrajugularly in order to increase the chances of 
infection. No definite reaction, however, occurred. Temperatures of 104° were 
exceeded several times for not longer than half a day on each occasion, but 
this had also lieen the (luse before the sheep was infected. On 28th May the 
animal was t(*sted for immunity by the injection of 1 c.c. B.T.V. A typical 
reaction lasting 4 days with temperatures up to 106.4® followed after an incu- 
bation period of 4 dnya. 

Itesult . — This experiment has to be regarded as negative. A mild tempera- 
ture reaction was shown, but when tested for immunity the sheep proved to be 
normally susceptible and also subiniKuihitions of blood, taken during the febrile 
reaction, into 2 susceptible she(‘p failed. 


Experiments with Aeries VitfMvs. 

With this species two experiments were conducted wherein 22 specimens 
were injc^ctcd 5 and 20 days after feeding on an infect<'d slieep. 

Virus sheep 7 and mosquito group: 

Group 2. — Fed on virus sheep 7 during the night of 10th to 11th December. 
Third day of reaction. Timiperature 105.9® and 103.6°. 40 specimens (reared 

from larvae) engorged. Used for experiiiumts 16 and 17. 

Experiment 16 (B.T. 7). 14 Aedes vitfatus. 

Injection. Inierval 5 days. Sheep 32308. 

This sheep had been used once before, viz., in experiment 11, where it 
had been injected with 6 A. vitfatus group 1. 

On 17th December it was injected with 14 A. vitfatus of group 2 which 
had fed 5-6 days before on sheep 7 during the third day of its febrile reaction. 

Ileaction . — No typical reaction resulted. Oni^e only, 13 days after the 
injection of mosquitoes, the temperature exceeded 105° for half a day. 

Immunity test . — On 27th January after an observation period of 20 days 
the sheep was injected with 2 c.c. B.T.V. The resultant reaction was quite 
typical, lasting 4-5 days, with a maximum temperature of 105.8°. 

The result of this experiment was definitely negative. 
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Experiment 17 (B.T. 12). 8 Aedes vittafus. 

Injection, Interval 20 duys. Sheep 32288. 

For this experiment 8 Aedes vittatus of the same group as in the preced- 
ing experiment were used on 31st December, 1931, but the injection was made 
20 days after their initial feeding. 

Beaction . — Four days following the injection of the mosquitoes (i.e. on 
4th January) the temperature rose rapidly to 106°, where it remained through- 
out the day. On the 5th 105.8 and 107*^ were recorded, on the 6th 106.7 and 
105°, the 7th 104 and 103.7°, and on the 8th 104.4 and 104°. It then returned 
to normal and remained below 104° for the following 18 days. This temperature 
reaction was certainly very marked, and it closely resembled the usual blue- 
tongue reactions. However, the incubjxtion period of four days was very 
short, especially when we take into consideration the fact that only a very 
small quantity of virus could have been injected with the crushed mosquitoes. 
Following upon the tcunperature reaction slight clini(!al symptoms were 
manifested consisting of distinct warmth of the feet and coronets, slight 
discharges from both nostrils and frequent licking of the lips. 

Immunity test . — On 27th January the sheep was tested for immunity by 
the injection of 2 c.o. B.T.V. subcutaneously. Seven days later the temperature 
rose to 105.4°, remaining at 105 during the following day, but falling the day 
after below 104°. Two fluctuations to 105° occurred on the 12th and 20th day, 
p.i. but they lasted only half a day each. Tlie temijerature reaction following 
upon the immunity test injection was very weak, lasting only 1^ days, with a 
maximum of not even 106°. 

Suhinoculafion . — On 7th January a sheep, 31696, was subinoculated sub- 
cutaneously with 1 c.c. blood from the preceding sheep taken two days 
previously. No typical febrile reaction followed this injection. Twi(‘e only, 
viz., 4 and 11 days p.i., short rises of temperature to 106 and 105.2° rc'spec- 
tively, occurred. Five weeks after the subinoculation of blood, i.e. on 10th 
February, I c.c. B.T.V. was injected. This was followed by a marked temp<*ra- 
ture reaction lasting 8-9 days with a maximum of 106.6°. 

Anoth(»r sheep, 32299, was subinoculated witli 1 c.(». of the same material 
as slieep 31696, on 14th January. No temperature rcac*tion resulted with the 
exception of a few slight fluctuations up to 104°. On 11 th April, twelve 
weeks after this subinoculation, 1 c.c. B.T.V. was injected, which resulted in a 
pronounced temperature reaction lasting 4 days with 108.8° as maximum. 

Together with the above sheep a third, viz. 31683, was subinoculated with 
the same material. This sheep had been us«»d in a negative experiment (see 
experiment 9, .4. lineatopeunis). Again no typical reaction ensued. 16 da.ws, 
p.i. a short rise in temperature to 105° took place. On lOth February this 
sheep was inoculated wdth 1 c.c. B.T.V., which was followed by a typical 
reaction of 5J days’ duration, showing a maximum temperature of 106.4°. 

On 27th April we injec.ted yc't another sheep, No. 34690, with the same 
preserved material as in the preceding cases. In this case, however, 10 c.c. 
was injected iiitrajugularly. For 21 days tlie temperature remained normal 
(not exceeding 104®). Then a mild reaction followed, the 19th 105.6, the 20t}i 
103.8 and 104.8, and the 21st 103.4 and 104.8 being recorded, whereafter the 
temperature dropped to normal again. On 28th May the sheep w^as tested 
for immunity by injection of 1 c.c. B.T.V. After an’ incubation period of 7 
days a clear reaction, lasting 6 days, wdth 107.4 as a maximum, followed. 

Th(^ result of this experiment has to be regarded as doubtful. Four days 
after the injection of the mosquitoes a distinct temperature reaction lasting 
3 days with 107® as maximum of temperature appeared, followed by slight 
clinical symptoms. Except for the short incubation period, the reaction 
resembled a typical bluetongue reaction. Besides, the temperature reaction 
following iipon the immunity test was very weak, lasting only IJ days. Blood 
taken during the end of the febrile reaction failed, however, to transmit the 
disease to 4 susceptible sheep. 
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D. Results of the Injection of Mosquitoes Fed on a Doubtful 

Case produced by B.T.V, which had been subjected to 

Passage through Mosquitoes. 

On a sheep showing a mild bluetongue-like reaction which had 
been produced by ihe injection of a number of A, cabalhis fed five 
days previously on a true experimental case of bluetongne (B.T.V. )» 
w'e fed a number of 4. (Jentafvx^ A. hirsviys and A. viftafvs. These 
were inje(*ied into susceptible sheep at intervals of from 5 to 20 days 
following* the feed. 

The results of these experiments were as follows: — 

Injection of 9 A. Jen tat us 5-(> days after feeding (experiment 13) 
was followed 13 days later by a temperature reaction lasting 2 days 
with 10()® as maximum. A subinoculation of blood into another sheep 
produced a similar short reaction four days after the injection. Both 
these sheep when tested for immunity about three months later 
proved to be suscepiible. The result was looked upon as doubtful. 

20 AeJes hirsutvs (experiment 14) were injected after the same 
interval, resulting in a short febrile reaction 8 days later in which the 
temperature exceeded 105^. This sheep was found to be still normally 
susceptible almost 4 months later. A sheep subinoculated with 1 c.c. 
blood from this case showed an extremely irregular temperature, 
which rose as high as 10()*7^, from the 4th to the 12th day following 
injection. The immunity test, (onducted one month later, was 
followed by a very mild reaction of only 2i days^ duration. This c^ise 
nuist also l)e regarded as somewhat doubtful. 

Another lot of A. hirsufvs^ consisting of (> specimens, was 
injected after a period of !(> days (ex}>eriment 15). 12 Days later a 

temperature reaction commen<*ed closely resembling a mild blue- 
tongue reaction, KKi^ being the maximum temperature recorded. 
Three months later, liowever, this sheep was found to be normally 
su8cei)tible. A sheep, injected with 1 c.c. blood taken during the 
course of this reaction failed to react, although it was fully sus- 
ceptible as demonstrated at a later date. A further sheep was injected 
later on with 10 c.c*. blood given intrnjugularly and this also failed 
to show any typical fever reaction. This experiment also appears to 
be doubtful. 

A further ex])eriment (experiment 10) wherein 14 Aedes viftatvs 
were injected five days after feeding, gave negative results. 

8 A. vitfafus of the same group were injected into another vsheep 
after a longer interval, viz., 20 days (experiment 17). A very distinct 
temperature reaction combined with slight clinic*al symptoms made 
its appearance 4 days later, lasting 4-5 days and showing a maximum 
temperature of 107°. This reaction very (dosely resembled that of a 
typical blueiongue reaction. The immunity test injection produced 
a very weak reaction persisting for only 2 days, the maximum tem- 
perature not exceeding 105.4°. An immunity appears to have been 
developed, not sufficient, however, to completely prevent a reaction, 
but nevertheless sufficiently strong to considerably modify it. Three 
sheep were injected with 1 c.c. blood each, from this sheep taken 
during the febrile reaction. None of these sheep reacted typically 
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and all three were later proved to be susceptible to injection of known 
virulent blood. Furthermore, a fourth sheep was injected with 10 c.c. 
blood intrajugularly and still no typical temperature reaction ensued. 
From the results obtained by the injection of mosquitoes in the first 
instance, we must regard this experiment as doubtful. 

The results obtained in these experiments are certainly of 
interest. We started off w^ith a sheep showing a mild temperature 
reaction not follow-ed by immunity, and in most of the subsequent 
cases, iiroduced by injections of mosquitoes fed from this sheep, 
marked reactions resulted, some of w^hich w'ere indistinguishable 
from true vaccine strain bluetongue reactions. These, however, were 
not follow’ed by immuity or at any rate the immuity conferred was 
extremely w’eak. Subiruumlations of blood from these cases into sus- 
ceptible sheep did not succeed at all, or, where slight febrile reactions 
resulted, no immunity was acquired. 

The temperature reactions noted may not of course have been 
connected wdih bluetongue in any w^ay and may have been purely 
accidental or coincidental, but in many cases where the sheep w^ere 
kept under observation for several months the temperatures remained 
remarkably constant. Furthermore, in most cases the reactions coiii- 
menced wdthin the limits of the known bluetongue incubation period; 
in other w’ords, just when they w^ere to be expected. In this con- 
nection one must not lose sight of the fact, that immunity does not 
invariably follow' bluetongue, there being notable exceptions 
recorded, and moreover, that subinoculations with normally virulent 
virus are not successful in producing results in all cases. 

We have regarded these experiments as negative or at most 
doubtful, which appears to be the only rational ('onchision. Had we 
regarded them as positive, A. hirsvlvs and vittafus w’-ould 

naturally be incriminated as transmitters, which, wuth the results so 
far obtained, cannot be assumed. 

V. EXPERIMENTS WITH VACCINE VIRUS AFTER ONE 
DEFINITE PASSAGE THROUGH MOSQUITOES. 

In the first section we described an experiment (experiment 10) 
in w^hich a true case of bluetongue was obtained by the inje(*tion of a 
large number of Aedc^s lineatopennis 17 to 19 days after the infective 
meal. This case was verified hy subinoculations of blood from it 
into two susceptible sheep and subsequent immunity tests. This 
api)eared to be an excellent case wherewith to carry on the experi- 
ments and endeavour to obtain results in the more natural manner, 
viz., by the actual feeding of mosquitoes. 

At that time, about the middle of March, large numbers of A. 
rahallus and a fair number of A. hneatopennis were available from 
one or other of our experimental breeding places. A. hirsutus w^as 
not so plentiful, but could periodically be obtained in moderate num- 
bers. These three species were therefore used in this series of 
experiments. 

It was our intention to commence feeding the mosquitoes on sus- 
ceptible sheep 14 to 15 days after the infective meal and once again 
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5 days later, if any Hpeciinens still survived. In the event of no 
typical leaciious resultin^y the remaining mosquitoes would be 
injected. 

In all, 9 experiments were conducted in which 93 mosquitoes fed 
on siiscej)tible sheep after intervals of 14 to 20 days and 11 specimens 
were injected 22 to 30 days following the original feed on the reacting 
sheep. 

A. VlRl^S SlTKKR. 

The mosquitoes were fed on tJie follow ing three sheej) : 

Virus sheep sheep dl70.‘l from experiment 10 (into which A, lineatopennh 
were injected 17 to 18 days after feeding). 

Iffsult. — IVinperature reaction: .‘Ird March, I0.‘h2 and 4th 103.6 

and 104.0°: r)th 103.4 and 104.2°; Otii (a.in.) 104°; 7th 104.9 and 104.0°; 8th 
104.6 and lOo.OO; 9th 106.2 and 105.2; 10th 104.5 and 104.60 and 11th March 
103.2 and 103.5°. It i.s rather difficult to estimate in this case w'here the 
aitual hluetongu<‘ reaction commenced, 3rd or 7th Mandi may either he kMikecl 
upon as tlie coinineiicement. 

V’^irus sheep 9~shee]) 31556 fiom experiment 10 (injc‘cted on lOth March 
w'ith hlood from \ irns sheep 8). 

I{vsul1. — The temperature remained normal until 14th March. On 15th 
103 and 104.60, p^tli 103.6 and l03O; 17th 104.8 and 106°; 18th 105.3 and 
1050 , 19th 105 and 103.80; 20th (a.m.) l(»3.8° ; 21st 104.3 and 105.1° ; 22nd 
IOJ.2 and 104.2°; and 23rd 103.3 and 104.1°. From the 24th onwmrds the 
temperature remained normal. An injection of B.T.V. on 10th April revealed 

the pre.sence of coniiilete immunity. In this <*ase 15th March or perhaps 17th 

iVlarch may he regarded as the comimmcement ot the reaction. 

Virus sheep 10- sheep 32269 from exp<‘i iment 10 (injec ted together* with 
preceding slieep v\ith hhaid from virus sheep 8). 

— Temperature normal until 14th March. On 15th 102.8 and 104°; 
16th 103.2 and 105°; 17th 105.6 and 106°; 18th 105.6 and 105.1°; 19th 104.2 
and 105.1°; 20th (a.m.) 101° and on 21st 105.8 and 105®. From the 22nd 

onwards the temperature remained normal except tor two short elevation.s on 

the 24 til and from the 2()th to the 27ih. When tested on lOtli April this sheep 
s}i()AV(*d complete iinnniiiity. The commencement of the reaction may, in this 
<*ase, he regarded as 15th or 16th March. 

11. Expehimen'I .s WITH Acffrs rahaUits, 

A large nninher ot .1. vahalhis wmm'o fed ^in the three virus sheep, of which 
36 engorged tliemselves from the original sheep and 410 from the two suh- 
iiKKmlated cases. This number was very considerably reduced wdthin the first 
week after feeding, the high mortality resulting from the deposition of large 
im 111 hers of eggs. 

In tw'o experiimmts we .succeeded in feeding 41 specimens on snsc<‘ptil)le 
sli<‘ep alt«*r an interval of 14 to 15 days, 10 specimens m om^ experiment after 
18-19 days, and 1 specimen remained for injection after an interval of over one 
month. 

Fxperiment IS was earned out with the mosquitoes ft'd on the original 
case, and experiments 19 to 21 with those infected on the two suhinocnlated 
sheep. 

Virus sheep 8 to 10 and mosquito grou])s : 

(Jroup 16. — Fed on virus sheep 8 during the niglit of 9th to 10th Maroli. 
Seventh (or third) day of fever. Temperature 105.2 and 1()-1.5°. 36 spec imens 

(caught as adults) engorged. Used for experiment 18. 

Group 17. — Fed on virus sheep 10 during the night of 17th to 18th March. 
TJiird (or second) day of fever. Temperature 106 and 105.6®. 112 specimens 

(caught as adults or reared from larvae) engorged. Used for experiments 19-21. 

Group 18. — Fed at the same time as group 17 on virus sheep 9. Third 
(or first to second) day of fever. Temperature 106 and 105.3°. 186 specimens 
{caught as adults or reared from larvae) engorged. Used for experiments 19-21. 
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Group 20. — Fed on virus sheep 10 on night of 18th to 19th March. Fourth 
(or third) day of fever. Temperature 105.1 and 104.2°, 112 specimens (caught 

as adults or reared from larvae) engorged. Used for experiments 19-21. 

Experiment 18 (B.T. 15). 16 Aedt^s cahalhts, 

Fe('(iirig» Infenml 14-15 duya. Sheep 32326. 

On the night of 23rd to 24th March ,4. eahaUus group 16 was allowed to 
feed on this sheep and 12 engorged specimens were obtained. On the 24th the 
remainder were again placed on this sheep, of which 4 engorged themselves, 
making a total of 16 engorged specimens. These mosquitoes had fed 14 to 15 
days previously on sheep 31703 from experiment 10 during the seventh or third 
day of the reaction (the actual commencement of the reaction is difficult to 
ascertain), this sheep having been injected with A. liueaiopentiis, 

Heacfion . — No typical febrile reaction followed the feeding of the mos- 
quitoes, the temperature remaining normal except for 2Gth and 27th March, 
and 9th and 18th April, when it rose to 104°, and on one occasion to 105.2°. 

On 19th April the immunity test was applied, 1 c.c. B.T.V. being injected. 
A marked reaction followed on the 4th day, wdiich lasted 6 days and showed a 
maximum of 107.1°. 

IResulf , — This experiment was therefore negative as no typical reaction 
followed the feeding of the mosquitoes, whereas the sheep proved to be normally 
susceptible. 


Experiment 19 (B.T. 18). 25 .Irr/r.s cahnlhis. 

P" ceding. Interval 14-15 days. Sheep 33528. 

On 1st April a cage containing .4. cabalius^ groups 17. 18 and 20 combined, 
was pljiced on the above sheep and during the night 25 specimens engorged 
themselves. These mosquitoes had fed 14-15 days previously between March 
17th (p.m.), and the 19th (a.m.) on virus shec'p 9 and 10. 

Meacfton . — On 7th April, 6 days after the feeding of the mosquitoes, the 
temperature rose to 106.2°, remained at 105.4 to 106.2° during the following 
day, and wms still 106° the next morning. It then dropped back to normal, 
w’here it remained for 9 days. On 39th April a second rise took place, 105.8 
and 103.2° being recorded on that day and 106 and IQ5° on the 20th w'lth 
103.6 and 104.8° on the day following. This was followed up to 3rd May by 
another jieriod of normal temperatures, when 106.5 and 105.5° were registered. 
These temperatures w^ere maintained, however, for only the one day. During 
the next 5 days the temperature was again normal. 

, « 

Suhin ovulations . — On 8th April, during the first rise of teiiqierature, sheep 
34660 was subinoculated with 2 c.c. blood and on 21st April during the second 
temperature rise, once more with 2 c.c. blood taken on that date. The sheep 
was kept under observation up to 8th May, 31 days after the* first and 18 
days after the second inoculation. A temperature of 104° was only surpassed 
on the day of the first injection, on tlie 2 following days and on the Htli day, 
104.7° being the highest temperature registered. Apart from this the tempera- 
ture remained normal. On 9th May the immunity of the sheep was tested by 
the injection of 1 c.c. B.T.V. Qn 15th May, 6 days later, the temperature began 
to rise to 105.6°. It then dropped and 4 days later was normal again. The 
result of this suhinoculntion therefore was negative, no reactiini occurring, the 
animal being susceptible. 

With the same material as that used in the preceding case another animat, 
sheep 34663, was injected on 8th and 21st April. This sheep was kept under 
observation up to 12th May, 34 days after the first and 21 after the secrond 
inoculation. Only once, 7 days after the first injection, was a tempeiature 
higher than 104 (104.2°) registered for | day, otherwise the temperature w’^as 
normal throughout the observation peric^. On 12th May 1 c.c. B.T.V. was 
injected in order to test the immunity. After an unmaintained rise of tempera- 
ture (104.6°) on 17th May, an abrupt rise up to 107° occurred on 19th May. 
The temperature remained at 107° for another J day, then for 3 days at 105° 
and from 25th May onwards was normal again. This .sheep was, therefore, 
fully susceptible, and no reaction having followed the subinoculations, this 
experiment must also be regarded as negative. 
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Immunity test , — On 9th May, 38 days after the feeding of the mosquitoes, 
and 29 days after the first temperature reaction, the original she^ of the 
main experiment was tested for immunity by injection of 1 c.c*. B.T.V. On 
15th May the temperature reached 104.2®, the next day 107°, but fell one day 
later back to normal (103°). Then another reaction, lasting about 5 days with 
105° as maximum occurred. 

Itesult , — The result of this experiment is somewhat difficult to interpret. 
Five days after the feeding of the mosquitoes a short but clear reaction (106°) 
was noticed, certainly occurring earlier than a mosquito-transmitted reaction 
would bo expected. Ten days later another reaction appeared during which 
temperatures above 104 and 106° as maximum were noticed on 5 days. Sub- 
inoculations of blood taken during these exacerbations failed to produce a 
reaction in susceptible sheep. Furthermore, after the immunity test the sheep 
reacted, although not absolutely typical, at any rate clearly enough. The 
reaction after the feeding of tlie mosquitoes and that which followed the 
immunity test were of equal intensity. The experiment cannot be regarded as 
positive nor with certainty as negative, and we prefer therefore to regard 
it as (louhtfvl. 


Expkiument 20 (B.T. 21). Aedes cahaUus. 

Feeding, Interval 18-19 days. Sheep J13544. 

On 5th April the remainder of the mosquitoes used in the preceding experi- 
ment, viz. groups 17, 18 and 20 vvere fed on sheep 33544 and 10 specimens 
engorged themselves during the night. In this case 18 to 19 days had elapsed 
since the iintul feed on the virus slK*ej> 9 and 10. 

Ueaction , — The temperature of this she<‘p remained normal for 1 1 days. 
On 18th April it rose from 102.6° to 105°, remained at 104.6° and 105.4° during 
the folhiwing day and fell bac*k from 105 to 103.0° on the third day. There- 
after it remained imrrnal except for a short rise to 104.8° on 25th A^iril. 

Suhtnocidations. —2 c.c. blood were inject€»d into sh(‘cp 31841 on 2f)th April, 
tlu* last day of the reaction. The sheei> kept under observation for 22 days. 
No rea(*tion was noticed, the temperature remaining fietween 101.8 and 103.8°. 
On 12th May thi> sheep was tested for immunity by the injecjtion of 1 c.c. 
B.T.V. Sev^eii days later the temperature began to rise and reacdied 108.2° on 
20th May. The leaction was very marked, the temperature remaining above 
105° lor 6 consecutive days. As no reaction had followed the original injection 
the subinoculation was negative. 

Together with this animal sheep 34422 was injected wdth the same material. 
On the 2nd and 3rd day after the inoculation the temperature was somewhat 
elevated (104 and 105°), hut thereafter normal up to 12th May, when the sheep 
was tested for immunity by injection of 1 c.c. B.T.V. Ten days later the sheep 
reacted, the fever lasting 6-7 days, and 107° being the highest temperature* 
noticed. This siibinoculation was’also negative. 

Jmmumty fesi . — On 9th May, 34 days afte*r the feeding of the mosquitoes 
and 19 days after the* feve»r reae*tioii the immunity of sheep 33544 of the main 
experiment w'as tested by the inje(*tion of 1 c.c. B.T.V. Six days later the 
temipe?ratnre reached 105° anel em the ne»xt day rose further up tei 106.8°, It 
remained in the* vicinity of 106 feir one more clay, euminienceHl falling the next 
day, at first slightly, and regained normal on 22nd May. 

Jtesvlt . — This experiment is still more difficult to interprc*t than the 
preceding. Eight days after the feeding of the mosquitoes a fever reaction 
e’ommcneed, showing its maximum 3 days later. It was not very severe, hut 
was <piite typical, occurring in a sheep with normally regular temperatures and 
at the time w'heii a reaction from the feeding of the mosquitoes could be 
expedi ted. A siibinoculation of the blood, taken during the fever reaction, into 
tw'o susceptible sheep failed to produce any result and furthermore, the 
immunity test of the original sheep was quite marked. We therefore prefer 
to regard this experiment as doubtful as w'ell. 

Experiment 21 (B.T. 24). Aedes caballus. 

In feet ion. Interval 35-36 days. Sheep 34615. 

Of the combined mosquito groups 17, 18 and 20, which bad been used in 
experiments 19 and 20, only one specimen remained one month after the initial 
fc'ed. We (*ould not induce this specimen to feed again on another sheep, and 
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on 22nd April it was, therefore, injected after an interval of 35 to 36 days 
into sheep 34615. 

Iteaction . — The sheep was kept under observation for 20 days. During this 
period no reacrtion oeoiirred, 103.4® being the highest temperature registered. 

The immunity tej<t was applied on 12th May through injc‘etion of 1 o.e. 
B.T.V'. Five days later a temperature reaction began to appear M'hich, how- 
ever, was not typical and not very marked. It lastc'd about 6 days with 
temperatures varying between 103 and 105.2®. 

lieHvlf , — We regard this experiment also as negating as no reaction followed 
the injection of the mosquito. The fever following the subsequent virus injec- 
tion was not marked and perhaps the sheep was slightly immune. We do not 
think, how'ever, that through this the result of our experiment largely 

influenced. 


C. Experiments with Aefh's lineaf ope tuns. 

On virus sheep No. 8, i.e. the original case, 44 .1. bneatopennis were ted, 
and 92 specimens on the two subinocuJated animals together. These constitutc^d 
practically the end of our supply of this spcHues as the season w’as almost over 
and .1. hheatopennis was becoming comparatively rare. The mortality amongst 
this species, although considerable, was noticeably less than amongst 
*4. rahnllufi wdiereas they were both kept under identical conditions. 

In three experiments we suc*(*eeded in feeding 39 specimens. 15 after an 
intei’val of 14 to 15 days, 8 after 14 to 20 days and 16 after 18 to 26 days. 
In a fourth experiment 10 specimens were injected after 22 days. 

Experiments 22 and 23 w'ere carried out with the mosquitoes fed on the 
original case; experiments 24 and 25 with those led on the subincKnilatc^d sheep. 

Virus sheep: 8 to 10 and mosquito groups: 

(inmp 11. — Fed on virus sheep 8 during the night of 9th to 10th JMarcli. 
Second (or third) day of fever. Temperature 105.2 and 104.5®. 44 specTUums 

(caught as adults) engorged. Used for expcM’imonts 22 and 23. 

Group 12. — Fed on virus sheep 10 during the night of 17th to IStli Mnrc-h, 
Third (or second) day of fever. Temperature 106 and 105.6®. 47 specimens 

(caught as adults or reared from larvae) engorged. Used for experiments 24 
and 25. 

(iioup 13. — EVd at the same time as group 12 on virus sheep 9. Tliird 
(or first to second) day of fever. Temperature 106 and 105.3®. 11 specimens 

(caught as adults or reared from larvae) engorged. Used for ex[)eriments 24 
and 25. 

iirnup 14. — E\^d on the same virus sheep the following night. Fourth (or 
second to third) day of fever. Temperature 105 and 105®. 15 specimens 

(('aught as adults or reared from larvae) engorged. Used lor exi>eriments 24 
and 25. 

(jlrovp 15. — E'ed during the same night on virus sh(*ep 10. E^ourth or 
third day of fever. Tomiierafure 105.1 and 104.2®. 19 specimens (caught as. 

adults or reared from larvae) engorg<*d. Used for experiments 24 and 25. 

EIxpekimknt 22 (B.T. 16). 8 Arties lineal ope unis. 

Feeding, Interval 14-20 days. Sheep 31694. 

On 23rd March, A, lineatopermis (group 11) were placed on this sheep, 
two specimens feeding during the night. The following day the remainder were 
put on to this sheep, four more engorged specimens being obtained. On 29th 
Man’ll all the remaining mosquitoes of this group w*ere again allowed to feed 
on this sheep, and during the night 2 out of the 12 engorged. Mosquitoes were 
therefore fed on this sheep 8 times, viz., 2 specimens after an interval of 14 
days, 4 after 15 days and 2 specimens after 20 days. The mosquitoes had 
engorged themselves on a sheep during the second and third days of a febrile 
reaction. 

Iteaction. — 8h€*ep 31694 was kept under observation for 28 days (21 days 
after the last mosquitoes had fed) during which period the temperatum 
remained normal, the highest point reached being 103.4®. 
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Jnnnuiutif fe.sf . — On 2()tli April tin* iuiTiiunity was testocl by the injection 
of 1 c.e. B.T.V. On the 6th day p.i. the temperature rose to 105, fell to 103.1° 
that afternorin, registered 102.6° and 107° the following day, then 105.2 and 
106.4° and on the 9th day p.i. 103.8 and 104.9°. From the Kith day onwards it 
remained normal. Although a maximum temperature of 107° was recorded the 
reaction was not very marked, being of a remittant nature and remaining 
abovt* 104° for a p<*riod of less than 48 lionr.s. 

Kesujf. — Notwithstanding the soinewdiat atypical nature of the immunity 
te.st this experiment must be regarded as negativf'. 

Kxj'KIUMknt 23 (11. T. 17’). 10 Aefirs /-lacofepcaa/.s*. 

JnirrtioH. Inferrul 22 ihnjs. Shet'p 31777. 

On 31st Mar<*h, 10 s])ecimens (the remainder of A. lint'dfoprntiis group H), 
w’hich had been used in the preceding experiment, were injected into sheep 
31777. '13 k' inteival between the feeding of the moRquit(H*s on the virus sheep 

and their injection w’as 22 days. 

Ifeacftoti . — Kxcept for a slight rise the day after injection, the temperature 
of this sfieep remained normal for 12 days. A very slight temperature reaction 
then commenced which lasted lor tw’o days, the temperature* recorded on the 
atternoon of the 13th day being 102.4 and 104.6° and the following morning 
103.1 and 104.5°. Tliroughout the following wet*k the temperature, although 
fluctuating remained neirmal. 

I nnminif if — -On 21st April, 3 vv€»eks after the injection of mos( 4 uitoes, 

the immunity w’as tested, 1 c.c. B.T.V. being injected. The reaction that 
followed was not typical. Seven days, p.i. the temperature rose to 105.6°, 
remained at 104.4 for 48 hours and therealter r<*turned to normal for 2 days, 
when another rise up to 104.8° lasting 4 day, followed. During the following 
week the temperatun* was again normal. 

t is not possible to e-xpress a definite opinion as to the result of 
this experiment and we have to r(*gard it as tiouhfjul. The injection of the 
mos(juitm*s was not follow'ed h> a definite fever reaction, but on the oth<*r hand 
no typical reaction was obtained by the injection of true bliietongue virus, the 
same hatch ot virus which gave a very marked reaction in a large number of 
other sheep. Tin* sh(*e]) may possiblv ha\e acfpnred an immunity ])rio‘’ to 
the (‘omnienceiiK'iit of tins experiment. 

Kxi'Kiumkm 24 (B.T. 19). 15 Anies 

Fvedinq. Intriral 14-15 (luifs. Sht'cji 32076. 

On Ist April, 1932, the combined groups 12 to 15 of A .ItuPdtnftrn'ins were 
place on sheep 32076, and during the night 15 out of the 21 specimens fed. 
Tliese in<»st|uitoes had fed between 17th and 19th March on virus sheep 9 and 
10 . 

licxuff . — Alter an incubation period of 9 days the lemperature rose to 
104°. Thereafter, om* day of noi'inal temperature follow’ed, and on 13th April 
102.8 and 104.2° were recorded; the 14th 105.9 and 104.8° and on the I5th 
104 and 103.4°. This concluded the fever reaction, but the temperature there- 
after remalnetl somewhat higher than during the incubation period, often 
reaching or surpassing 104°. 

SiihuKtntldfion . — On 14th April, i.e. the highest point of the fever reaction, 
tw’o sheep, 34481 and 34531, were injected subcutaneously with 2 c.c. blood each, 
taken on this day. 

The first sheep did not show" a typi<*al reaction. In the <‘ourse of an 
observation period ot 25 days, the highest temperature recorded W"as 104.6°, 
104° being readied or surpassed on the 2nd, 6th to 8th and 14th to 16th days. 
On the 15th to 16th day the temperature varied hetw'eeii 104.2 and 104.6°, but 
this was probably also not of the nature of a true reaction. The sheep was 
tested for immunity by injection of 1 c.c. B.T.V. on 9th May. Seven days later 
the tcunperature reached 106.2°, but fell the next day to l63.()°. The following 
morning another rise made its appearance, the temperature remaining at 106° 
for 24 hours and then falling back to normal. This vSubini.culation war there- 
fore negative. 

The second sheep, however, show^ed a very marked reaction after an incu- 
bation period of 5 days, which lasted for 7 days, the maximum temperature 
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attained being 106.6°. For 4 consecutive clays the temperature varied between 
104.8 and 106.6°, during which time it fell below 105° for only half a day (for 
full references of tlie temperature see under virus 8h<*ep 13). Slight but typical 
clinical symptoms were shown, discharges from the nostrils, slight stomatitis 
and warm feet lieing evident. Dullness with a general sick appearance was 
apparent for a number of days. From 26th April onwards the temperature was 
normal. On 12th May, 28 days after the injection of blood and 17 days 
after the end of the febrile reaction the sheep was tested for immunity by 
injection of 1 c.c. B.T.V. The sheep w^as kept under observation up to 7th 
June. No reaction followed this subinoculation, 104*^ being the highest tempera- 
ture noticed. This subinoculation was therefore positive. 

Immunity test . — On 3rd May, 32 days after feeding the mosquitoes and 18 
days after the fever reaction, the immunity of this sheep was tested, 1 c.c. 
B.T.V. being injected. On 9th May the 6th day, p.i., the temperature rose 
up to 106.6^ The following two days the temperature remained above 106®, 
107.6® being registered as maximum. On the third day (12th May) the tempera- 
ture was still at 106° and the sheep w^as then killed for other experiments. 
The course of the fever reaction indicated that the sheep was normally suscep- 
tible to bluetongue. 

The result of this experiment is somewhat remarkable. Twelve days after 
the feeding of the mosquitoes a slight fever reaction w^ith a maximum tempera- 
ture of 105.9° occurred. It may have been a slight attack of bluetongue fever 
and therefore 2 other animals were subinoculated with the blood. The original 
sheep was tested for iminunity 18 days after this fever reaction and proved to 
be normally susceptible. The first subinmailated sheep did not show' any 
reaction of importance and later alsci proved to be susceptible. In the second 
sheep, however, the inoculation was follow'ed by a typical and marked reaction 
with slight, but typical clinical symptoms, and when tested for immunity 17 
days after the reaction it proved to be totally immune. We maintain that 
this experiment must be regarded as positive^ on account of the definite result 
in one of the subinooulation experiments, notwithstanding the fa(*t that the 
sheep had not acquired any immunity. The fever reaction following the feeding 
of the mosquitoes w'as short and not very marked, and although being in all 
probability of a true bluetongue nature, as one of the subincKulations proved 
clearly, it wms not strong enough to give the sheep an immunity sufficient to 
resist a subsequent inoculation of bluetongue virus. 

Experiment 25 (B.T. 22). 16 Aedes lineatopennh. 

Feeding. Inter ml 18-26 days. Sheep 33554. 

On 5th April, 1932, the remainder of the .4. lineatopennis (combined) 
groups 12-15, us€»d in the preceding experiment, were allowed to feed on sh€*ep 
33554, and 14 specimens (out of 22) engorged themselves during the night. 
Seven days later the survivors of this group were given another opportunity 
of feeding during the night of 12th to 13th April and 2 out of 6 specimens 
engorged. These mosquitoes had fed originally on virus sheep 9-10, the interval 
in the case of the 14 specimens having been 18-19 days and in tlie remaining 
two 25 to 26 days. 

lieaetion . — The temperature of the sheep remained normal for the first 
8 days, disregarding the second feeding of the mosquitoes. Then on 14th April 
it rose from 103.4 to 104.8°, the next day registering 104.2®. One day of 
normal temperature followed, after which a more marked reaction set in. 
On 17th April, 12 days after the first feeding of the mosquitoes, the temperature 
remained at 106° throughout the day. The following day 106° and 105.6° were 
recorded and on the third day of the reaction 104.2 and 104.0°. For two more 
days a slightly elevated temperature W'as noted (maximum 103.9°) and there- 
after it returned to normal and show'ed a regular course, remaining for 17 days 
below 104° except for one sudden rise up to 105°, lasting, however, only ^ day. 

Siihinoculation . — On 18th April, the second day of the fever reaction, 2 c.c. 
blood taken on this day w'ere injected into sheep 32302, which w'as kept under 
observation for 21 days. During this period only once, 9 da^s after the injec‘- 
tion was a tempera^re above 104 (104.4°) registered for ^ day. On 9th May 
1 c.c. B.T.V. was injected for testing the immunity. On 16th May, 7 days 
later, the temperature reached 107.1° and 107.6®. It began to drop the next 
day, but an elevated temperature was maintained for the following 6-7 days. 
The sheep was fully susceptible and the subinoculation negative. 
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To^rether with the precoding animal aiuither sheep, 32317, was injected with 
the same material. It was also k<ipt under observation for 21 days. Kxcept 
for some fliictnations, up to 107° on 21st April, to 104.5° on the 25th and to 
105° on the 27th, which however were maintained in ea(‘h case for only ^ day, 
pie temperature remained normal. On 9th May the sheep was tested for 
immunity by the injec'tion of 1 e.c. B.T.V. This injection was also follow^ed 
])y a marked rea<‘tion. The temperature began to rise on 15th May, reachecl 
107.4° on the 17th and remained between 104 and 106° for 4 more days. This 
subinoculation was, therefore, also negative. 

Immuniti/ trsf. — On 9th May, 34 days after the feeding of the mosquitoes 
and 20 days aper the second and more marked reaction, the original sheep 
was inje(*tt'd w’itb 1 c.c. B.T.V. A typical reaction followed. Six days later 
the tempei’atnre began to rise, 106.8°, the maximum, being reached the next 
day. A more or less elevated temperature (103-106.2°) was maintained for 
6 more days. 

'IMie te.wli of this experiment must be regarded as doubt jul for the same 
reasons as some of the previous ones. Kight days after the feeding ol tbt‘ 
mosciuit(K'*s quite a typi(*al fever reaction with temperatures up t(> 100° 
appeared. However, the same shec^p tested for immunity 20 days later proved 
to be normally susceptible. Two other sus<*eptible animals injected with blooti 
of this sheep takmi towards the end ol the fever permd, did not show any 
reaction after the injection. 

]). Experiajents with Aedrs lursulus. 

(hily one experiment with three specimens could be conducted with 
A. hiisutus. 

Virus sheep 9. 

Afos(lU(t<t ifrouft 5. — Fed on virus sheep 9 during the night of 18th to 19th 
Afarch. Fourth (or se<*ond to third) dav of fe\<*r. Temperature 105 and 105°. 
10 specimens (reared from larvae) engorged. Fsed for experiuK'iit 26. 

KxPKitiMKNT 26 (B.T. 20). 3 Ardrs hir.sutus. 

F*‘i’dn\{]. Jufeirnl 17 doi/s-. 3^1533. 

On 4tb April, 1932, A hirmitus group 5 was fed on the above sheep and 
3 sp<‘cimens engorged themselves. These mosquitoes had fed 17 days previously 
on an infected sheep. 

Keavtiou . — Throughout the observation period of 21 days the temperature 
lemaindm* normal, 103.4° being the maximum recorded. 

On 26th April the tunnututy test was applied, 1 c.c*. B.T.V. being injec'tcHl. 
The temperature* rose* 3 days later up to 107°, wherc*a& the iie.xt day 105.2 and 
104.6° were registered. Tw'o days of normal temperature tollow’cd. On the 
7th day the* temperature rose* again to 105.7 and 105°. After 2 further days of 
norinai temperature 105 and 105.4° were recsirded on the 10th day and 104.8 
and 105° on the 11th, after which the teniperatui'c* returned to normal, wheie 
it remained. In this ease temperature reactions were noticed on the 3rd and 
4th. the 7th and the 10th to 11th days. The first elevation ol temoerature 
w'as too early for a hluetongiie reaction; the tw’o others vveu* not typical and 
very weak. 

lt(\*<ult. — The feeding of mosquitoes w’as no followed by any temperature 
reaction at all, but notwithstanding that the experiment has to be regarded 
as doubtful^ as the reaction following the immunity test was, if it is to be 
regarded as a reaction at all, very w^eak. 

E. Disc ussion of the resvets obtained with the Vac cine Strain 

OF VniX'S after one definite PASSACiK TIIROl'CJH iloSQVlTOES. 

In March, 1932, a positive case of hlueton^oe was obtained by 
the injection of BO Alcfh'n Ji neatopvu whicdi had ted on an 
infected sheep 17-*] 9 days previous {ride Experiment 10 of the first 
chapter). Blood of the iuosciiuto-infec*ted sheep was siihinocnilated 
in two other animals, and these also showed typicnil reactions. On 
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these three sheej) 592 mosquitoes were fed. 446 A, vahallus^ 136 
A, lineatopenniH and 10 A. hitsttfua. At the time of the reactions 
of these sheep, about the middle of March, A, rahallus were 
numerous, a fair number of A. liiineatop^nnis could be obtained, 
whereas only a few specimens of A. hirsvtva were bred. 

The moscpiitoes were used in this series of experiments mainly 
foi‘ feedinj^ experiments. After their feeding* on one of the virus 
sheep the mosquitoes were kept on sug‘ar w'ater in cages or jars in 
our warm room. They were then first fed on susce}»tible sheep after 
an interval of 14 days, allowing thus sufficient time for a develop- 
ment of the virus in these insects. Part of the mosquitoes were later 
fed once again on other susceptible sheep and some were emulsified 
and injected subcutaneously into sheep. When fever reactions 
followed the feeding or injection of mosquitoes, blood was subinocu- 
lated into other sheep. All the sheep used were tested for immunity 
after a sufficient time had elapsed by subinoculation of 1 ( .c. of 
the normal vac< ine virus. 

In all, 9 exj)erinients were carried out, tlie results of whi(*h we 
will briefly summarize. 

Aerlefi rahallus^ experiment 18, ted 16 specimens after an 
interval of 14-15 days. No reaction. Sheep normally susceptible, 
llesult negative. 

A. cahaUns, experiment 19, ted 25 specimens after an interval 
of 14-15 days. Short rea(‘tion after 6 days and 16 days later. 
Immunity test applied 29 days after the first rea(*tion gave a some- 
Avhat a typical reaction of similar intensity. Subinoculations into 
2 sus(*ei)tible sheej) were negative, llesult of the exi)eriinent (lonhtfiil. 

A. rahallus, experiment 20, fed 10 specimens (the same 
mosquitoes as in ex|)eriinent 19) after an interval of 19 days. A 
fairly tyjiical reaction of medium intensity occurred 11 days later. 
The immunity test api)lied 19 days*after this reaction gave a marked 
reaction. Subinoculations into 2 susceptible sheej) failed to j)roduce 
any reaction. The result of the experiment was doifhffuJ. 

A. nahalivs, experiment 21, 1 specimen, which had heen used 
in the two jireceding exjieriments, was inje(*ted after 35-36 days 
into a sheej). No reaction. Sheej) normally suscej)tible. llesult 
negative. 

A. 'lineatap<»nnUy experiment 22, fed 8 sj)ecimens after an 
interval of 14-20 days. No reaction. Sheep susceptible, reaction 
of the immunity test, however, somewhat atypical, llesult negative. 

A. lineatopenni.Sj experiment 23, 10 sj)ecimens, the remainder 
of the preceding experiment, injected after 22 days. No definite 
reaction. Reaction of the immunity test not tvpic'al. llesult 
doubtful, 

A. HneatopennU, experiment 24, 15 specimens fed after an 
interval of 14-15 days. After 12 days a temperature reaction, how- 
ever, not very marked, occurred. When tested 18 days later for 
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iiumunitj^ the shee]> was iioniuilly siiseeptible. During- the short 
febrile reartion blood was subinoeulaled into 2 sheep. One animal 
remained normal, the other however deve]o])ed a typical and 
marked fever redaction accompanied by slij^ht but tyjiical clinical 
symidoms after an imuibation j)eriod of 5 days. There seems to be 
no cause for doubt as to the blueton^>ne (*haracter of this reaction, 
and furthermore, when tested 17 days after the conclusion of the 
reaction, the sheep proved to be totally immune. Apart from the 
result of the immunity test this exjieriment seems to ])e /wsifirr on 
account of the definite result in rme of the subinoculated animals. 

A, littentf)i)ennis, experiment 25, fed H> specdniens, the remaindei* 
of the mos<iuitoes used in the preceding* exj)eriment, after an interval 
of l(S-2t) day s. J-0i«dit days later a fairly typical temperature 
reaction a])i)eaied. However, 20 days later the shee]! proved to be 
normally suscej)tible when tested for imnninity. Blood taken at 
<he end of the first febrile reaction and inoculated into 2 normal 
sheep ‘^‘uve negative results. The result of the main ex])erimeiit was 
(hmhtfuJ . 

A, hirsiftifs, experiment 20, fed d s})ecimens after an interval of 
17 days. No reaction. Immunity test very doubtful. Result of 
the exj)eriment therefore (hmhifvl. 

Tn reviewing* the results of these ex])e!imentvS the main feature 
a})pears to be the fact that most of them are Tiot clear cut. 

The most important experiment undoubtedly is Xo. 24 witli 
A, litieofopnnus, fed after an interval of 14-15 days on a sheej). 
In this exi)eriment one of the subinoculated animals, sheep ^145*31, 
showed a bluetonoue reaction, which allowed lU) doubt as to its 
nature, a marke<l and typical tem]>erature reaction, slin-ht but 
tyi>ical clinical symj)toms (the vaccine strain used never shows 
marked sym])toms under experimental <*onditions) and a total 
immunity aftei* tlie end of the reaction. The (uuninal sheep, how- 
ever, showed only a short and mild reaction whicdi ]iroduced no 
immunity. 

The same mosejuitoes were fed on another sheej) 4-11 days later 
(experiment 25) and once more, in this <‘ase after S days, quite a 
typical reaction occurred. Also, in this sheep no immunity resulted 
and the subinoculations of blood (taken after the temperature had 
(!onimen(*ed to drop) were also ne<?ative. 

Similar results were obtained in the experiments with 
A, cabalhti^. 

In experiment 19 after feeding* a batch of mosquitoes which had 
been infected 14-15 days previously, 5 days later a short but quite 
marked temperature reaction appeared. Subinoculations, however, 
were negative and the sheep later proved to be normally susceptible. 

The same mosquitoes, fed on another sheep 4 days later (experi- 
ment 20), gave once more the same result, quite a good febrile 
reaction after 11 days, no immunity and negative subinoculations. 
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It must be pointed out that all the sheep used in these experi- 
ments normally showed a regular temperature, and some of them 
a very regular one. The animals in this series were observed for 
at least a fortnight before use and those with soiiiewliat irregular 
temperatures were discharged. The reactions therefore certainly 
were not normal fluctuations of the temperature. 

Experiments with 10 A. cahalhtn fed after 14-15 days (experi- 
ment 18), 1 sj)e(!imen injected after 85-30 days (experiment 21), and 
8 A, linentopennis fed after 14-20 days (experiment 22) were 
negative. Experiments with 10 A, lineafopennis (No. 28) injected 
after 22 days and with 8 A. hirmtfua (experiment 20) after 17 days 
were doubtful, although in all probability also negative. These 
negative or doubtful i*esults were all obtained with mosquitoes ted 
on virus sheej) 8 (infected by injection of mosquitoes), whereas the 
mosquitoes giving a positive or doubtful, but quite tyi)ic al reactions, 
had infected themselves on virus sheep 9 and 10 (infected by sub- 
inoculation of blood from virus sheep 8). 

It is, therefore, not impossible that part of our failures in 
these experiments was due to a slight degree of virulence of the 
virus. It is a known fact, that the virulence of the virus for sheej) 
decreases very rapidly under laboratory conditions. We had the 
same exjierience, e.g. when injecting blood from sj)ontaneous 
clinical cases into sheep in the laboratory, the course of the disease 
being mild and closely simulating that j>roduced by the vaccine 
strain. This apjcears to be mainly due to the better conditions under 
which sheej) are kej)t in stables than is the case under field 
conditions. 

The small amount of virus injected into a sheej) by an infected 
mosquito may just have been sufficient to produc^e a fever leaction, 
but it was insufficient to jiroduce an immunity capable of resisting 
the coinj)aratively massive doses nqrmally msed when injecting virus 
by means of the syringe. 

Eurthermore, the virus of this strain may have been j)resent 
in the blood of moscjiiito-iiifected sheej) in sufficu’ent quantity to 
j)roduc*e infecdions by subinoculation for only a relatively short time. 
()nce present in sufficient amount in the blood, the virus would 
produce normal immunity as in sheej) 84581 (cf. also the results of 
mosquito feeding on virus sheep 8, infected through* mosquito injec- 
tion and on virus sheej) 9-10, infected through subinoculalions). 

These are certainly possibilities whereby our Jesuits could be 
exj)lained but they do not entirely satisfy us. 

Concluding this discussion we believe that we harr svrcceded 
in transmitting a hhtetongne infection hy means of alloiring /n- 
fecied specimens of Aedes lineotopennis to feed on svsceptihle sheep. 
The experiments^ however, were not sufficiently clear cut and they 
do not permit of any definite conclvMon about the natural trans^ 
mission of hh^etongue to he arrived^ at. 

On the other hand, the experiments certainly do not exclude 
A. lineatopennis and A. cahallus as possible vectors. 
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Vi. EXPERIMENTS WITH THE VACCINE VIRUS AFTER 
TWO (TRUE OR SUPPOSED) PASSAGES THROUGH 
MOSQUITOES. 

In the prec*edinj>‘ chapter we have described some experiineiits 
with a si rain of the ordinary vaccine virus after a survival of 17-19 
days in mosquitoes. After feeding? the mosquitoes infected with this 
strain more or less marked fever reactions ai)peared in some cases, 
which, however, were not followed by immunity. Only in the case 
of one sheep infected by subinoculation of blood was a (jompleie 
immunity accpiired. On three of these sheep, mosquitoes were fed 
during the fever reaction and after an inteival of at least 14 days, 
these were a^:>ain fed on susceptible animals. 

During* the interval these mos(juitoes were kept on sugar water 
in our warm room, which was only heated at night at that time 
as the day tenij)erature was sufficiently high for virus development. 

At the time of these experiments, viz., towards the end of the 
summer (7th-22nd April), Aedes cahallva were still obtainable in 
sufficient numbers from one of our ex])erimental breeding places. 
A fair number of A. lifieato2)efuitj( was also present, but we lost 
the group of tins species later through an unfortunate accident. 

A. ViRi’s Shekf. 

The following three sheep, infeet(*d jn experiments described in the pre- 
ceding chaptei*, wen* used for infecting inoscjuitoes. The reactions sliown by 
these animals uere of a true blnetongnc nature or at any rate practically 
indistinguishable from such reactions. 

Virus sheep 11— sheep 3»‘1528 from experiment 19, reacting alter feeding of 
Afile'i cnhalhtJi. 

Uesult, — Tliis slieep showed a series of febrile reactions. We are here 
concerned with only the first of them. The temperature on 7th April, 0 days 
after the feeding of the mosquitoes, was 102. (>-106.2°, the 8tli 105.4 and 106°, 
the 9th 106 and 103.2° and the 10th (a.m.l 104.6°. Tested later hy injection of 
B.T.V. this sheep was susceptible. 

Virus sheep 12 — sheep ilf3554 from experiment 25, reacting after feeding of 
A. Jinfdtopennis. 

Be, suit . — The mosquitoes wore fed on 5th April, and 12 days later a short 
reaction occurred. The temperature on 17th Ajiril w'as UK) and 106°, the 18th 
106 and 105.6°, the 19th 104.2 and 104.6°. Tested later hy injection of B.T.V. 
the sheep had not acquired an immunity. 

Virus sheep 13- sheep 34531 from experiment 24. This sliec^p was injected 
on 14th April, 1932, with blood of sheep 32076 which had shown a slight fever 
reaction after the feeding of infected A, Vrneafopenn'i.s. 

The iemperaturc w’as normal up to 18th April, and on the 19th 103.4 and 
104.8°, the 20th 103.8 and 106.4, the 2lst 105.6 and 105.7°, the 22nd 104.8 and 
106.6°, the 23rd 105.5 and 106.1°, the 24th (a.m.) 105.6°, the 25th 103.9 and 
104.8°. The temperature then went back to normal. When tested later by 
injection of B.T.V. this sheep proved to be totally immune. 

B. Experiments with Aedes^ cahaUva, 

On each of the three virus sheep one group of A. cahallvs was fed. In all, 
382 specimens engorged themselves. The mortality amongst the mosquitoes in 
this case was considerable; especially w'as this the case amongst the first group 
wdiich were caught as adults. They died en masse during the period of ovipos- 
tion 4 days after they fed. The other two groups retained their vitality much 
longer. 
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With thest' mosquitoes 5 experiments (Nos. 27-31) were carried out apd 
136 specimens were fed a^ain on susceptible sheep alter an interval of 14-21 
days. 

Experiment 27 was carried out wdth mosquitoes fed on virus sheep 11; 
expenrncmts 28 and 29 with specimens from virus sheep 12 and experiments 30 
and 31 from virus sheep 13. 

Virus sheep 11-13 and mosquito groups: 

(h'ovp 21. — Fed during the night of 7th to 8th April, 1932, on virus sheep 
Jl. First day of fever. Temperature 106,2-105.4*^. 118 specimens (caught as 

adults) engorged. Used for experiment 27. 

(iroiip 28. — Fed during the night of 18th to 19th April on virus sheep 12. 
Second to tJiird day of fever. Temi>erature 105.6-104.2®. 118 specimens (reared 

from larvae) engorged. Used for experiments 28 and 29. 

ijroup ;14. — Fed during the night of 22nd to 23rd April on virus sheep 13. 
Fourth day of fever. Temperature 106.6-105.5*^. 121 specimens (reared from 

larvae) engorged. Used for exp<u*iments 30 and 31. 

Expkriment 27 (B.T. 25). 2 Aedes (‘nhalius. 

Feeding, Infetrid 15 days. Sherj) 34084. 

During the night of 22nd to 23rd April, 1932, 2 (out of 3) A. cahnifuft of 
group 21 were fed on this sheep. They had infected thcmiselves 15 days before 
on virus sheep 11 (of experiment 19) during the first day of a felirile reaction. 

Jfeaefton . — The slieep w'as k<'pt under observation for 21 days. During this 
period no reaction occurred, no temperature above 104® being ie(*orded. 

Ininnnufy iesf. — On J4th May the sheep was irnxmlated with 1 c.c. B.T.V. 
On 19th May a short rise to 106° otcurred, the temperature dropping to normal, 
however, the same day. On 21st May another, and this time marked, reaction 
began lasting 4-5 days with 107® as maximum. 

Jfesnft . — This experiment w'as negative. After the feeding of 2 specimens 
no temperature rea<*tion follow’ed, whereas the sheep was normally siisc(*ptil)le. 

Extrrimknt 28 (B.T. AH). 41 Aedes eahalhis. 

Feeding. Jnferval 15 days. Sheep 34550. 

On 3rd May, 1932, .1. caballas group 28 was put oii sheep 34550 and 41 
(out of 77) spei'imens engorged themselves during the night. These had fed 
15 days before on virus sheep 12 (of experiment 25) during the second to third 
day of fever. 

• 

If ear film. — Ui) to 15th April, i.e. 12 days following the feed tfie temperature 
remained normal. A short rise to 105.6*^ lasting, however, less than 24 hours, 
then appeared. Thereafter another week of normal temperature followed. On 
24th May, 104.6° w'as recorded, the temperature remained betwuMui 103.8 and 
104.6° for 3 days and then dropped to normal. 

IiniHunify test . — On 28th May, 25 days after the feeding of tlu^ mosquitoes 
the sheep w'as injected with 1 c.c*. B.T.V. The following day the temperature 
started to rise again, 105.4 being recordc'd on e‘K)th May. The temperature 
dropped one day later, but directly commenced rising again and fluc^tuated 
between 103.4 and 105.4® from Slst May to 4th .June. On 6th May it was 
normal again but the following day a more typical reaction set in. lasting 
5 days with 107® as the highest point of the* reaction. On 17th .Tune the sheep 
was discharged from observation. 

Ifesnlt. — It is difficult to form a definite opinion about the result of this 
experiment, and w^e have to regard it as doubtful. Tw^enty days after the 
feeding of the mosquitoes a temperature reac‘tion set in ; 4 days later the sheep 
was injected with B.T.V. The temperature remained irregular, but 10 days 
later a more typical reaction commenced which would appear to have been 
the reaction following the virus injection. On scrutinizing the temperature 
chart, however, the possibility of all these reactions commencing on 24th May, 
prior to the immunity test, being connected with one another presents itself. 
Furthermore, the inoculation period of what is considered to be that of the 
normal bluetongue reaction of the immunity test was longer than normal, viz., 
10 days. 
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Kxpekiment 29 (B.T. 40). 36 Aedes cahallufi, 

F('t'dni(j, Infernal 21 daya. Shrej) 34409. 

During the ni^ht of 9th to 10th May tlie same mosquitoes as used in the 
preceding experiirient were put on to sheep 34409. 49 .•‘pecimens still remained 

and ol the'se 36 engorged tliemselves. The interval was now 21 days. 

Itedcfitni. *l)n 17ih May a short rise of temperature up to 104.8®, lasting, 
however, only ^ day, oc*curred. 10 days of normal temperature followed. The 
t(*mperature then fiecaine somewhat irregular, varying between 102.8 and 104.6°. 

Inirndutif y test , — On 10th June, a nmnth after the feeding of the mosquitoes, 
] c.c. H.T.V. was injected. Directly alter this injecstion the temperature rose 
to 107°, hut had regained normal by the next morning. After 8 days a marked 
reaction s(‘t in lasting about 6 days with tmnperatures of u]> to 106.8° and 
remissions of 102® 

Itesnlf . — This experiment is to be regarded as neyatire. No typical reactitui 
followed the feeding of the mosquitoes, wdiereas the sheep proved to be suscep- 
tiblt‘. 


Kxi'Ekiment 30 (B.T. 37). 40 Arties cahallus. 

Frrdiny. Jnterral 11 days. Hheep .34175. 

On (>th May, .1. laJKilhis (group 34) was put on to this sheep, and during 
the lollowing night 40 (out of 61) specimens engorgcnl themselves. These 
mosquitoes had fed 14 days befoix* on virus sheep 13 (sheep 34531 from experi- 
ment 25) during che 4th dav ol lever. 

llraction. — Doting the fir>t 12 day^ a normal and regular teinix-rature was 
maintained (102.4-103.8®). It then began to rise, and on 22nd June 105 and 
105.4® wen* reached. 23rd June 105.4 and 102.1® were recc#r<h'd, the 24th (a.m.) 
101.8°, the 25th 104.6 and 105°, the 26th 104.2 and 105°, the 27th 105 and 
101.3® and the 28tli (a.m.) 105.2°. 

I ann}(nii y test,- The same day, 28th May, the shc^ep was injected sub(‘u- 
taneously with 1 c.c. B.'IW. That afternoon the temperature rose* to 106.4, a 
lenqierature w’hicli was mamtained until the tollowung morning. It th<*n 
dropped to normal and began to rise again on 5th June, 8 days after the 
injection, reaching 106.8®, the highest point, on 9th June. Four days later 
tiu* rea<tion came to an end. 

The rrsnif ol the t‘xpenment is to be regarded as ilouhffiil. 13-16 days 
after the feeding ol 40 infec*ted mosquitoes a marked fever r(*action set in. At 
its highest point, ow'ing to an unfortunate error, the sheep was tested for 
immunity and 8-9 days later a similar reaction occurre*d. it is possible in any 
case, that the first reaction was due to a bluet ongue infection transmitted b\ 
the mosquitoes which, however, did not confer or had not then conferred to the 
sheep a sufficient degree of immunity to resist without any reaction the 
.suhseijuent virus injection. 

Kxi’EIIimem’ 31 (B.T. 41). 17 Aedes (nhallus. 

Fred my. Infer rat 20 days. Slier it 34423. 

On 12th May the remaining specimens of A. rahnihis (group 34), wdiicli had 
already been used in the [ireceding experiment, were put on lo sheep 34123 and 
during tin* night 17 (out ol 25) sp(»cimens f(‘d 

Ilrariian. — On 14th ]May, twx) days after the feeding, a temperature of 
106.2® wms rec'orded, but the following day it commenced to droji, and remained 
normal lor 9 days, after which a .somewhat irregular course was noticed, 
temperatures of 104-104.8° being noticed on 24th, 29th, 31st May, 1st and 4th 
J line. 

I nun unify fest. — On 8th June. 27 days after the feeding of the mosquitoes, 
the sheep was injected subcutaneously with 1 c.c. B.T.V. 15th June, 7 days 
later, the temperature began to rise. The reaction which was of medium 
intensity, !asti*d 3-4 days, the highest temperature recorded being 106.4®. 

'riie result of this experiment was neyafire. After the feeding of the 
mosquitoes no typical rea<*tion oc‘curred, whereas the sheep proved to be 
susceptible. 
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0. Experiments with Aedes lineatopennis. 

When these experiments were undertaken in April Aedes Itneatopennis was 
very difficult to obtain. Only one ^roup could be fed on one of the virus sheep 
and this was again fed 15 days later on a susceptible sheep. Shortly after- 
wards this group was accidently lost. 

Virus sheep 11 was used and 'mosquito group 16. — Fed during the night 
of 7th to 8th April on virus sheep 11. First day of fever. Temperature 106.2- 
l()o.4®, 75 specimens (caught as adults) engorged. Used for experiment ♦‘12. 

Expbkimbnt S2 (B.T. 26). Aedes hneatopennis. 

Feeding, Interval 15 d4jys. Sheep 34797. 

On 22nd April, 1932, A. Imeatopemiis group 16 was put on to sheep 34797 
and during the night 10 (out of 5^0) specimens fed. They had their initial 
feed 15 days previously on sheep 33528 during the first day of a febrile reaction. 

No real reOetion followed the feeding of these mosquitoes during an observa- 
tion period of 23 days. Only once, 4 days after the infecting feed of the 
mosquitoes, was a temperature in excess of 104° noticed (104.4°). This, how- 
ever, was maintained for less than 24 hours. 

Immunity test . — On 16th May the sheep was injected sub(*utaneously with 
I c.c. B.T.V. 24th May, 8 days later, the temperature began to rise, reaching 
106.6®, the maximum of the reaction, 2 days later. 33ie reaction lasted 3-4 
days, and although not very marked, was quite typical. 

The result of this ex])eriment was negative, no typical reaction following 
the feeding of the mosquitoes on a sheep which, when tested for immunity, 
proved to be susceptible. 

1), Kesults of Experiments with the Vachtne Virfs after 
two (supposed) Passag?:s through Mosquitoes. 

Ill April, 1932, we obtained fever reactions in sheep after 
the feeding of mosquitoes which had infected themselves on a shee]) 
showing a bluetoiigiie reaction after the injection of mosquitoes or 
on two other animals injected with blood of the first sheep. These 
fever reactions resembled more or less true hliietongue reactions, hut 
they did not produtie any immunity. Only one sheep, suhinoculated 
with blood taken from one of tliese animals during the fever period, 
showed a typical reaction <*omhined with slight clinical syinidoms 
and later a complete immunity. 

On three of these sheep, two original and one of the suhinocu- 
lated cases, 382 Aedes cahaUvs and 75 A, Ihineafopennis were fed. 
These mosquitoes were kept as usual on sugar water in jars or cages 
in our warm room after the feed. Following an interval of 14 days 
or longer, the mosquitoes were fed on new susceptible sheep. 

In all, 0 experiments were conducted, 5 with A. cahallvs and 1 
with A. lineatopetmis. In the experiments with A. cahalhis all 
three virus sheep were used ; in the case of the latter species only 
one sheep, viz., one of the original eases. 

Aedes cahallvs^ experiment 27, was carried out with mosquitoes 
ted on virus sheep 11, one of the original ceases. 2 specimens were 
fed after an interval of 15 days with negative results. 

For Aedes caballtis, experiment 28, mosquitoes from virus shee]) 
12 were used, also one of the original cases showing no subsequent 
immunity. 41 specimens fed after 15 days. The result was 
douhtftily as a few days before the sheep was injected for testing the 
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iiniii unity a fVver reacition set in, continuing* through the incubation 
period of the immunity reaction, which, besides that, showed a 
normal course. 

.4. caballus, experiment 29, was (arried out with the same 
mosquito grouj), of which dO specimens fed for the second time after 
an interval ot 21 days. In this case, howevei, the result was with- 
out doubt vefjatire; no reaction followed the feeding of the 
mosquitoes, whereas the sheep was normally sus(*eptible. 

A . cahalhia, experiment oO, was made with mosquitoes which 
had fed on the subinoculated sheep showing* a true bluetong-ue 
leaction followed by complete immunity. 40 specimens fed after 
an interval of 14 days. Id-lO days later a marked rea«*tion set in. 
Jfefore this rea(*h‘oii was closed unfortunately the immunity test 
was ap}>lied and tliis showed the normal <‘ourse. The result theie- 
fore was douhtfftL 

A. rahalh/H, experiment dl, was made with the same group of 
mosquitoes (17 s])e(*imens) after an interval of 20 days. The result 
uas ncffnttre. 

.1. Iinneftfopri) 7 )is^ exj)erinjent d2, with 10 s])ecimens after an 
interval of lo days. Kesult negative, 

1 ?i all these experiments o s\isceptil)le sheep were bitten ld9 
times by infected ^4. enhallus alter intervals ranging between 14 
and 21 days and by 10 *4. hnealopetnns after 15 days. Four of 
these exjieriments weie certainly negative, whereas in two the results 
were doubtful. Ks]»ecially in one of these cases (experiment dO), in 
which 40 A. eahalivs were ted after 14 days, there is a definite ])ossi- 
bility that the ex])eriment was really positive. 

It must be ?*eniembered that these mos([uitoes were fed on three 
Aims sheep, of which only one was definitely ])osith’e. With 
mos(piitoes fed on this sheep, exi)eriment dO was conducted. No 
turtlier discussion of the results seems to be netessary and we may 
refei to the jnecediiig chapter. 

VII. EXPERIMENTS WITH A STRAIN FROM IXOPO. 

At the beginning of April, 19d2, through the (*o\irtesy of the 
iiovernment Veterinary tlfficer, we receiA’ed a quantity of preserved 
blood from a natural case of bluetonge fT-om Ixopo (Natal). Our 
liope that with this material clinical cases of bluetongue could be 
produ(*ed and that in future we would not have to rely any more 
on only more or less typical temj)erature reactions as jnoducjed by 
(he vaccine strain of bluetongue w'as, hoAveA’er, not realized. Two 
sheep w^ere inje<ded with this material, but both show^ed only very 
slight reactions lasting less than 48 hours in ea<‘h case and showing 
no cdinical symptoms. The viruleiu'e, therefore, Avas less than that 
of the ordinary vaccine strain. Mosquitoes Avere fed on these tAvo 
sheep but thereafter the strain was abandoned. 

At the time of the short febrile reaction in these sheep Aedcs 
eahallus aa’us the only mosquito species at our disposal in large 
numbers. In all, 41d specimens engorged theiuseWes. They Avere 
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kej^t in oiir warm room in the usual way after this feeding, but 
their numbers diminished rapidly owing to an extraordinary high 
mortality amongst them. 

Apart from this species a few^ A, lineatf^pennis were fed and 
also some A. (htrhanetuis, wdiich appeared during that time in one 
of our experimental breeding places. 

The experiments were conducted in the usual manner, the 
infeed ed mosquitos being refed on susceptible shee]) after an interval 
of at least 14 days. 


A. Viiu's Sheep. 

The follo^^ing two sheep were injeeted with the Ixopo strain: 

Virus sheep 14 = sheep 31553. Injected on 4th April, 1932, subcutaneously 
with 2 c.c. preserved blood of a natural case. 

Penult . — The temperature remained normal or nearly normal up to 10th 
April. On the 11th (a.m.) it was 105^, on the 12th during the morning 107^ 
and during the afternoon 104°. It then remained between 103 and 104.0° for 
() days and later on between 102 and 104°. The actual febrile reaction was, 
therefore, very short, lasting less than 48 hours. 

Virus sheep 15 = sheep 31570. Injected together with the preceding sheep 
wdth the same material. 

Penult. — The temperature remained normal up to lOtli April, when 103.8° 
was recorded during the morning. On the 11th it registered 107 and 106.8°, 
the 12th 105.8 and 103.4° and from the next day onwards normal temperatures 
were maintained, ranging lietween 102 and 104.6°. In this case as well the 
reaction, although definite, was very short, less than 48 hours. 

B. Expeutments with Aedes eahallvn. 

On both virus sheep a batch of A. cahaUus w^as 'led during the nights 
following llth and 12th April. Owing to the very short duration of the reaction, 
the last two batches were actually fed after the temperature had already 
returned to normal. 

During tlit first night 121 specimerft* were fed, of wdiich 17 survi>’cd at the 
end of 15 days. Of 252 fed during the second night 23 survived. 24 days 
later only 6 out of the four batches were left. The mortality was extremely 
high in this ease. 

Th(» mosquitoes were fed on three susceptible sheep: the two batches led 
on the virus sheep during the first night were red'ed on the first of these three 
animals after an interval of 15 days, the last two groups were refed at the 
same time on the second sheep and the remaining specimens of the lots together 
were fed on the last animal Ut the end of 24 days. After 45-46 days 2 specimens 
were still alive and they were injected into a slieep. 

The two virus sheep 14 and 15 were used and the following mosquito 
groups: 

Group 22 . — Fed on virus slieep 15 during the night of llth to 12th April. 
First to second day of fever. Temperature 106.8-105.8°. 95 specimens (reared 

from larvae) engorged. Used for experiments 33, 36 and 36. 

Group 23. — Fed on virus sheep 14 during the same night. First day of 
fever. Temperature 107.8^. 26 specimens (reared from larvae) engorged. Used 
for experiments 33, 35 and 36. 

Group 24. — Fed on the same virus sheep during the following night. First 
day after the end of the febrile reaction. Temperature 104-104.2°. 150 

specimens (reared from larvae) engorged. Used for experiments 34-36. 

* Group 25. — Fed on virus sheep 15 during the same night. First day after 
the end of the febrile reaction. Temperature 103.4-102.6°. 142 specimens 
(reared from larvae) engorged. Used for experiments 34-36. 
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Kxpkiument 33 (B.T. 28). 13 Aedes cahaUus. 

Fccdituj. Interval 15 days. Sheep ^^4758. 

On 2()th April, 1932, the remaining specimens of the <*oinhined groups 22 
and 23 were put on to sheep 34758 and 13 (out of 17) speeimcMis engorged 
themselves during the ensuing night. These mosquit<»eK had fed on an infe<*ted 
shee]) 15 days previously at the peak of a short febrile rea<tion. 

Lteaefuiu. — l^ho temperature of this sheep during the week preceding the 
feeding of the mosquitoes had never exceeded 103°. 7 days after the fettling 

of the mosquitoes, however, a temperature <»f 103.4° was noticed, the following 
morning 103.8° was ret‘orded and for the following 5 days temperatures higher 
than 103° were frequently seen. Thereafter the temperature became somewhat 
irregular with unmaintained rises to 104.2 and 104.4° on 19th and 27th May, 
the day before the application of the immunity test. 

I mmunif y test . — On 28th May, 32 days after the feeding of the mosquitoes, 
1 o.c. blood of virus sheep 14, taken on 12th April, was injected subcutaneously. 
The temperature commejiced rising immediately either owing to the virus 
injection or as a continuation of the slight rise noticed on the previous day, 
and on ilOth May, 105.2° was reached. An evening remission to 102.6° occurreci 
on this date, but on the 3lKt the temperature commenced ri‘*iiig again and the 
reaction continued, reaching 105.6, its highest point, on 4th .lime. The reaction 
came to an end shortly aft<*r this. 

regard this experiment as neyattve, notivithstanding the tact 
that something like a febrile reaction commenced just lielore the application 
of tile immunity test. The reaction following the iminiinity test was of medium 
intensity, hut a more marked fever eould not he expected with this strain 
owing to its low virulence. 

Exi'KiUMKNT 34 (B.T. 30). 14 Aedes eahidln^. 

Feednuj. Intel nif 15 days. Sheep .346()(). 

On 27th April, 1932, the surviving specimens of A, eahaJhis group 24 and 25 
were put on to sheep 346(Kj and during the lollow'ing night 14 (out of 23) 
specimens engorged themselves. These mosquitoes had fed 15 days previously on 
the day following the febrile reactions of the two sheep infected with the Ixojio 
strain. 

Heavtam. — During the first 8 days the temperature rcunained normal (102- 
103.4°). On 6th May, it rose to 104.8°, returned to normal the next day, hut 
showed a further slight elevation (104 and 104.2°) on thi‘ following tw’o days. 
Th<*reafter it remainc^d practically normal up to 27th May, showing only two 
slight elevations (104 and 103.8°), lasting in ea<*h i*ase \ day. 

Fm inanity test . — On 28th May the sheep was injected siihcuta iieou&ly with 
1 c.c. blood of sheep 31553, one of our virus sheep. Four days later, on 1st 
♦June, a sudden rise to 105.6° occurred, which lasted, howevt»r, tor only ^ day. 
A further rise occurivd 2 days later and the temperature remained between 
10.5 and 106.8° for 3 days. It then dropped again, hut remained more elevated 
than usual (104-10.5.4°) for the next ten days. 

The irsult of this experiment W’as neyafive. The reaction occurring 9 days 
after the feeding of the mosquitoes was not sufficiently definite to be of any 
importance. The immunity test was of medium intensity hut clear enough. 

Exvkuimbnt .35 (B.T. 35). 4 Ae<les ea hall as. 

Feediny. Interval 23-24 days. Sheep 34390. 

On 6th May, 19.32, the remaining mosquitoes of the tw^o preceding experi- 
ments were used again and 4 out of 6 spetriinens engorged themselves. 3''hey 
had ted 2.3-24 days before on tw^o infected sheep during the top point of the 
febrile reactions and during the day after the end of this reaction. 

lieaetion. — To start with the temperature remained normal for the first 
14 days (101.6-103.2°). A short ri.se to 104.6° then occurred, wdiereafter another 
period of normal temperatures followed. 

Immunity test.— On 28th May, 22 days after the feeding of the mosquitoes, 
the sheep was injected with 1 c.c. blood of sheep 31533, the same material 
as used in the preceding tests. Five days later a definite rise in temperature 
occurred, 106.8° being reached 2 days later. The fever period lasted 4-5 days, 
the reaction being typical and quite marked. 
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The result of this experiment was negative. No reaction followed the 
feeding of the mosquitoes, and the sheep w'as normally susceptible. 

Ekpehimbnt 36 (B.T. 40). 2 Aedes cahaUus. 

Injection. Interval 45-46 days. Sheep 34360. 

On 27th May 2 specimens of the combined groups 22-25 were still alive and 
they were injected into sheep 34360 on that day. They had had their original 
feed on a virus sheep 45-46 da3\s previously. 

Iteavtion . — A normal temperature was maintained for 7 days up to 3rd 
June. The temperature wms on the 4th 103.6 and 105.6^, the 5th (a.m.) 106°, 
but from the day thereafter it was normal again. 

JrnmMfyity test . — On 20th June, 24 days after the injection of the mosquitoes, 
the sheep was subcutaneously injected with I c.c. blood from sheep 31570. A 
short, but quite typical reaction commencc'd to appear 7 days later, lasting 
about 3 days, wuth 107.4° as maximum. 

Jte suit. —The experiment has to be regarded as negative. The short 
reaction following the inje(‘tion of mosqtiitoes cannot be considered as a blue- 
tongue reaction and the sheep proved to be susceptible later when tested for 
immunity. 


(\ Experiments wtht AerJes lineaiopevnis. 

At the time that these experiments were carried out A. lineatopennis was 
very difficult to obtain and not more than 10 specimens coujd he induced to 
engorged themselves on the virus sheep. Of these a few specimens were refed 
on a susceptible sheep after a period of l/> days and longer. After 45 days 2 
specimens were still alive and they were injected into a sheep. 

Virus sheep 14 and 15 were used and mosquito groups: 

(ironp 17. — Fed on virus sheep 15 during tVie night of 11th to 12th April. 
First or second day of fever. Temperature 106.8-105.8®. 3 specimens (reared 

from larvae) engorged. Used for experiment 32. 

Giovp 18. — Fed on virus sheep 14 during the same night. First day of 
fever. Temperature 107.8®. 3 specimens (reared from larvae) engorged, 

lised for experiment 37. 

(rvoup 19. — Fed on the same virus sheep one night later. First day after 
the end of the febrile reaction. Temperature 104-1()4.2®. 4 specimens (reared 

from larvae) engorged. Used for experiments 37 and 38. 

Experiment 37 (B.T. 27T. .Aedes lineafnpennis. 

Feeding. Interval 15-29 day.s. Sheep 34053. 

During the night of 26th to 27th April the combined groups 17 and 18 
were put on to this sheep, but only 1 (out of 3) specimens fed. The following 
night batch 19 was put on and 2 (out of 4) mosquitoes fed. The same lot of 
mosquitoes was again put on to the sheep during the night of lOth to 11th May 
and 2 specimens probably fed. This point was not ascertained with certainty, 
however. During the following night 1 specimen (out of 2) from groups 17-18 
engorged itself. 

The sheep was, therefore, bitten by 3 specimens after a period of 15 
days, by 2 (?) after 27, and by 1 specimen after 29 days. 

lien ci ion . — No definite fever reaction followed the feeding of these 
mosquitoes. From time to time (29th April, 21st, 28th May, 3rd, 4th June) 
short elevations varying between 103.8 and 105° were noticed, but they were 
irregular and not connected with one another as a reaction. 

Immunity test. — On 8th June, 43 days after the first, and 29 days after 
the last, feeding of the mosquitoes the sheep was injected subcutaneously with 
1 c.c. blood of sheep 31570 (virus sheep 15). On 14th June, 6 days later, the 
temperature rose, reaching 106° the same day, 106.4° the following, and 107® 
the day thereafter, however, with daily remissions to 104®. On 12th June, 
the reaction came to an end. 

The result of this experiment was negative. No reaction followed the 
feeding of the mosquitoes. The reaction of the immunity test was not very 
marked, probably on account of the low virulence of this strain. 
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Experiment 38 (B.T. 41). 2 Ae(hii linentopennia. 

Injection, Interval 45 dayx. Sheep 34410. 

On 27th May, 2 A. Ihieatopennis from j^roup 2 were still alive and they were 
injected on that day tot^ether with 1 specimen infected with the Kameelfontein 
strain into sheej) 34410. 

lleaction . — No fever reaction folIow**d the injection of the mosquitoes. The 
highest temiieniture being registered during the peruMi of 23 days was 104.2°. 

Immnnity test . — On 20th June, tlie sheep was injected subc-utaneouslv with 
1 c.c. blood from sheep 31570 (virus sheep 15). No reaction, however, followed 
during the next 20 days, the temperature not exceeding 104°. On llth July 
the sheep was injected with 1 c.c. of the same material and this time, after 5 
days, a typical reaction commenced, lasting 3-4 days, with 106.5° as maximum. 

Besnlt . — The experiment has to he regarded as The result of 

the immunity test was, however, very remarkable. The first injection was 
absolutely negative, whereas a subsequent injection with the same matc»rial 
M'as followed by a typical reaction. 


I). KxrERlAfENT WITH Aedes d urhanetisis. 

With this redatively rare species only a single experiment w’lth 1 specimen 
could be c*arried out. 

Virus sheep 14 was used and mosquito group: 

Group 2. — Fed on virus sheep 14 during the night ol 12 to 13th April. 
First day after the end of the febrile reaction. Temperature 104-104. 2° 2 

specimens (reared from larvae) engorged. Used for experiment 39. 

ExPEiU3fENT 39 (B.T. 29). Aedes iinrbanensis. 

Feeding. Internd 16 days. Sheep 34567. 

During the night of 27th to 28th April the 2 A. tlitrhnnensisy which had 
fed 16 days previously, were put on to sheep 34567 and one specimen fed. 

TteacAion. — The sheep w^as kept under observation for 31 days, but no 
tcmiperature reaction occurred, 104° being exceeded oidy once for \ day. 

Jmmnnif y test , — On 28th May, the sheep was injected subcutaneously with 
1 c.c. blcxid of virus sheep 14. After 7 days the temperature began to rise, 
reaching 107.2°, its highest point, on 5th June. Then it began to drop, but 
was followed by <*liiiieal symptoms, red <*oroncts, mueoiis discharges from the 
mouth, and exc*oriations of the gums. 

The result of this experiment is clearly negative. No reaction followed 
the mosquito feeding, wdiereas the immunity test showed a marked reaction 
wdth clinical symptoms. The appearance of these symptoms was cpnte un- 
expected, as the original sheep, from which the virus was derived, showed only 
a slight reaction and other immunity tests carried out wUli the same material 
gave only reactions of medium intensity. 

K. Besi'dt.s of Experiments avith the Ixopo Strain 
OF Beuetoncu’e. 

At the beginning of April, material from a natural ease of 
hluetongue was obtained from Ixopo. Wh'en injected into two 
sheep only very slight reactions, less than those with the ordinary 
vaccine virus, were obtained and therefore only a limited number 
of experiments were carried out. 

In all, 413 Aedcs rahallajs, 10 A, linneatopeiinis and 2 
A. durban^nsis engorged themselves either during or directly after 
the short febrile reaction shown in the virus sheep. After this feed 
the mosquitoes were kept in our warm room on sugar water in cages 
or jars following the usual method. They were refed after an 
interval of at least 15 days on susceptible sheep, and after 1^ months 
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the remuiniiig* specimens were injected into sheep. Seven experi- 
ments were carried out and in each case after a sufficient period 
had elapsed the immunity was tested by subcutaneous injections 
with the same strain of virus. 

In tliese experimenis the following*’ results were obtained: — 

Acdes cahnllus^ ex])eriment After an interval of 15 days 

13 specimens fed. Kesult negative ^ 

A. cahalhis^ experiment 34. After the same interval 14 speci- 
mens fed. The result was also negaiive, 

A, rahnllua, experiment 35, was carried out with the remaining: 
mosquitoes of the two preceding* ex])eriments. 4 specimens fed after 
an interval of 23-24 days. Kesult negative. 

A. raholhts, experiment 30, 2 specimens injected after an 
interval of 45-4() days. Kesult negatire. 

A. hueatopetunn, experiment 32, 3 specimens fed after a period 
of 15 days, 2 (uncertain) after 27 and 1 specimen after 29 days. 
Result negative. 

A. /Ineatopennis, expeiiment 28, 2 .specimens injected after 45 
clays. Result negative. 

A. (hivhanensts, experiment 39. Only 1 specimen ted after an 
interval of l(i days. Result negafire. 

In these 7 exj)eriments 27 A. cahaUnn fed after a period of 15 
days, and 4 after 23-24 days, 3 *4. lineatopennis after 15, 2 (?) 
after 27, and 1 after 29 days, and 1 A. (lurhanenma after JO days, 
2 A. cahalhtH and 2 A. lineatopennis were injected after 45-40 days. 
All experiments were negative. The virus sheep on which these 
mosquitoes had taken their original feed, showed, however, only an 
extremely^ mild and short reaction, and ])art of the mosquitoes had 
actually^ fed wlien the reaction Wul already (earlier than could have 
been expef;ted) come to an end. The conditions were, therefoie, 
veiy unfavourable for conducting transmission experin»ents and may 
have influenced their results. 

In one of the exi)eriments the injection of virus failed to give 
an infection, whereas a subsequent injection of the same material 
gave a tyqiical reaction. 

VIII. EXPERIMENTS WITH A STRAIN FROM 
KAMEELFONTEIN. 

At the beginning of April, 1932, nearly at the same time as the 
Ixopo strain, material from another natural case of bluetongue, 
whi(ih had occurred in lambs on the farm Kanieelfontein was 
obtained througli the (*ourtesy of the Extension Officer of the 
Pretoria District. The blood was injected into several sheep and 
infections of medium and marked intensity were pioduced, 
resembling very mu(;h the ordinary vaccine strain reactions. By 
means of further subinoculations in one case at least clinical 
H.vmptoms were obiained. The strain could be regarded as suitable, 
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although our hope of a strain clear cut reactions and 

regularly slight clinical symptoms at least, was not fulfilled. 

As in the caNe with the Ixojk) strain Acr/e.s* nthalhfs was tlui 
only sj>ecies available in larj>er numbers at the time we obtained 
the Kameelfoiitein strain. In all, 402 s])e(dmens engorged themselves 
on the virus sheej). Thereafter they were kejit in the usual way 
in cages in our uarm room, till they were refed on suscejdible sheej). 
The mortality amongst the mosquitoes during' the ])eriod between 
these two feeds was very considerable. 

Only a few s])ecimeiis of A, liunrafopcnnis were at our disj)osal, 
and of these 12 coTild be induced to feed. 

The exjieri meats were conduc ted in the ordinary manner. The 
moscjuitoes were refed on sus<*ej)tible sheep after an interval of at 
least 14 days and afterwards the immunity of the sheej) was tested 
by injection of the same strain of A’irus. 

A. Vila s SiiEKr. 

Ill all, 5 sheep were injected with the KaineeHontein strain, and of these 
the tollowiiig a were nserl tor let'ding mosquitoes on. 

Virus slieep 16 — sheep .‘11717. Injected on 5th April, 10d2, subcutaneously 
with 2 <*.c. preserved blood I'roiu the original case at KaineeHontein. 

lif'sult . — Tbe teiiiperaturc remained normal up to lltb April. On the 12th 
it was 106 and 105.2^, the l-Hb 106.2 and 105°, the 14tb 105.8 and 105^, the 
]5tb 106 and 105°, the lOili 105.2 and 105.2°, and the 17th' (a.m.) 104.8°. From 
the next da> onwards normal temperatures w<»ro maintained, 4'he reaction 
lasting 6 da>s was marked. 

\*irus sheep 17=slieep 62645 w'as injected together with the jiroc'eding 
animal with the same material. 

lirstfli. — I'he tmnperature remained normal »>r nearly normal (not i‘xceed- 
ing 104. 5°1 uj) to lotli .\pril. On the 16th it was 106.7 and 105.1°, the 17th 
(a.m.) 104.5°, the 18th 107.6 and 108.2°, the 19th 106.8 and 106.6°, and the 20th 
105 and 104.4°. ^’hereafter a normal tempera! urt* was regained. Notwith- 
standing a maximum of 108.2°, the reaction was only of imdiiim intensity. 
66ie iiK'uhation jieriod, lasting 11 days, was longer than usual. 

Vii us sheej) 18 -shee p 64198 wa.s inject«»d on 16th Ai)iil sul)ciitaneuiisl.\ with 
1 c c. hlood. taken Irom virus sheep 64 498 during the t’e\er reaction. 

JirsuU . — A normal tcmp<*rature w'as maintained up to 17th Ajiril. On the 
18th It was 106.8 and 105.1°, the 19th 105.4 and 106.7°, the 20th 105.8 and 107°, 
the 2lst 107 and 108.2°, the 22!ul 107 and 104.5°, the 26rd 101.1 and 104.2°, the 
24th <a.m.) 104.7°, the 25th 105 and 105°, the 26th 106.4 and 106.6°, and the 
27th 105°, when the animal was killed. This sheej) showed quite a severe 
reaedion ae*comj)anied by clinical sym})tonis. red coronets and discharges from 
the nostrils. During the last days it .showed a markedly dl ajipearance. 

H. Kxi'KHImknts Avrrii Act/rs cahalhis. 

On all three virus sheep hatches of J. mhnllus w'ere fed, in all 402 
specimens. One hatch from each sheej) w'as used lor the exi)er)ments, of which 
5 w^ere carried out. The mosquitoes w’ere refed on the suscei)tihle sheep for the 
first time after 15 days and part of tlmin for a second time 5-10 days later. 

Experiments 40 and 41 w^ere carried out w’lth mosquitoes infec*ted on virus 
sheep 16, experiments 42-46, w’ith specimens from sheej) 17 and tlie last 
experiment wdth mosquitoes fed on virus sheep 18. 

The following mosquito groups w'ere used: — 

(iroup 26. — Fed on virus sheep 16 during the night of 14th to 15tli April. 
Third to fourth da,v of fever. Teiiij^erature 105-106°. 45 specimens engorged 

(reared from larvae). Used for exi)eriments 40 and 41. 
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Group 27. — Fed on vims sheep 17 during the night of 18th to 19th April. 
Third day of fever. Temperature 108.2-106.8®. 89 specimens (reared from 

larvae) engorged. Used for experiments 42-43. 

Group 33. — Fed on virus sheep 18 during the night of 21st to 22nd April. 
Fourth day of fever. Temperature 108.2-107.3®. 30 specimens (reared from 

larvae) engorged. Used for experiment 47. 

Expjbiument 40 (B.T. 31). 15 Aeden cahaUus, 

Feeding. Internal 15 days. Sheep 34587. 

On 29th April, A. cahallas group 26 was put on sheep 34587 and 15 (out of 
32) specimens engorged themselves during the following night. They had fed 
15 days previously on virus sheep 16 during the third to fourth day of fever. 

Meacflon . — During an observation period of 28 days no reaction followed, 
the highest temperature registered being 103.8®. 

Immunity te.st . — On 28th May, the sheep was injected subcutaneously with 
1 c.c. blood from sheep 34498 (virus sheep 18). A marked reac‘tion commenced 
4 days later, lasting 6-7 days, with 107.8® as maximum. 

The result of this experiment was clearly negative. No reaction followed 
the feeding of the mosquitoes, and the sheep afterwards proved to be normally 
susceptible. 


Experiment 41 (B.T. 38). 4 Aedes eaballiis. 

Feeding. Interval 25 days. Sheep 34100. 

On 9th May, the remaining specimens of the same hatch of A. cahallus 
were fed on sheep 34100 and 4 (out of 12) specimens engorged themselves. The 
mosquitoes had had their original feed 25 days previously. 

Reaction . — A normal temperature was maintained for 14 days. On 24th 
May, 105® was registered, but the following morning the temperature had 
dropped again. Thereafter it remained somewhat unstable, 104.8® being 
noticed on 2nd June, and 105® on 5th. These high temperatures were, how- 
ever, not maintained for more than one day. 

Immunity test . — On 10th June the sheep was injected with 1 c.c. blood from 
sheep 34498 (virus sheep 18). 11 days of normal temperature follow^ed. On 

22ncl June a sudden rise up to 105® occurred, lasting, however, only i day and 
followed by 4 days of normal temperature. On 27th May, 17 days after the 
injection, the hluetongue reaction started at last, lasting 7 days with 107.3® as 
maximum. 

Result , — The experiment has to be regarded as negative^ as only a few 
short and unmaintained rises of temperature occurred after the feeding of 
the mosquitoes. The reaction of the immunity test was somewhat atypical 
through the exceptionally long incubation period. 

Experiment 42 (B.T. 32). 31 Aede.s cn hall us. 

Feeding. Interval 15 days. Sheep 34464. 

On 3rd May A. cahallus group 27 was fed on sheep 34464 and the following 
night 31 (out of 36) specimens engorged themselves. These mosquitoes had fed 
on virus sheep 17 during the, third day of the hluetongue reaction. 

No reaction at all followed the feeding of the mosquitoes during an observa- 
tion period of 24 days, 104® being the highest temperature registered. 

Immunity test . — On 28th May 1 c.c. blood from sheep 34498 was injected 
subcutaneously and 5 days later u typical hluetongue reaction followed, lasting 
5 days with 107.8® as maximum. 

The result of this experiment was clearly negative. 

Experiment 43 (B.T, 39). 9 Aedes cahallus. 

Feeding. Interval 21 days. Sheep 34184. 

On 5th May, the remaining specimens of the same hatch of A. cahallus 
used in the preceding experiment were put on sheep 34184 and 9 (out of 12) 
specimens fed. These mosquitoes had taken their initial feed 21 days previously 

No reaction followed the feeding of the mosquitoes, 104® being the highest 
temperature registered during an observation period of 29 days. 
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Immunity test. — On 8th June, the 8heep was injected with 1 c.c. blood 
from sheep 84498. A marked reaction, lasting 4-5 days with 108^ as iiiaMinuin 
occurred after a prolonged incuV)ation period of 9 or 12 days. 

The result of this experiment was also negative. 

Experiment 44 (B.T. 86). 4 Ae.de s cahnlhis. 

Feeding. Inter ral 15-20 days. Sheep 84045. 

On 6th May A. ra ball us group 83 was put on sheep 84045 and 8 (out of 12) 
specimens fed during the following night. The remainder of the same hatch 
were fed again on the same sheep during the night from 11th to 12ih May and 
1 (out of 8) speciiiiens fed. Tlie interval was in the first case 15 and in the 
second 20 days. The mosquitoes had had their original teed on virus sheep 18 
during the fourth day of fever. 

No renet tan followed during an observation period of 87 days after the 
first feeding of the mosquitoes. A temperature of 104° was reached or slightly 
exceeded on several (Kcasions, howevei , only for short jieriods, the sheep 
generally running an eh^vated temperature. 

/ m m unity test . — On 18th June 1 c.<*. blood of sheep 84498 was injecte^d 
subcutaneously. A reaction of medium intensity commenced 9 days later, 
lasting about 8 days with 107*^ as maximum. 

Tile lesult was negnftre. as in the pre(*edjng exp<»riments. 

Experiments with Ardrs littrafopenn/s. 

With this species, which bad become rare during the time of these Cixperi- 
merits, only two experiments could be carried out, one with f(‘eding after an 
interval of 14-21 da>s. and the other by injection of 1 specimen being left after 
88 <lays. 

Virus sheep 18 was used and the mosquito group : 

(wfdiip 20. —Fed on \irus sheep 18 during the night ol 19th to 20th April. 
Second day of fever. Temperature 106. 7-105.80. yj specimens engorged (reared 
from larvae). Used for experiments 45 and 16. 

Experiment 45 (B.T. 84). 6 Aetfe.s linentapennis. 

Feeding. Inteivnl 14-21 tings. Sheep 84829. 

During the night of 8rd to 4th May, .1. Iinentajien ms group 20 w^as fed on 
sheep 84829 and 5 (out of 7) specimens engorged themselves. 'Fhe remaining 
mosquitoes of tlie same bateli were refed 7 days later, 10th to 11th May, and 1 
specimen took np hlood. The first five specimens had fed 14 days and the last 
specimen 21 days after the initial feed on virus sheep 18. 

Jlenrtion. — A normal temperature W’as maintained for 22 days after the 
first feeding of mosquitoes. Then a short rise to 105° occurred, lasting only 

4 day, whereafter the temperature remained somewhat elevated, exceeding 
104°, however, only once for 4 da.v. 

Immunity test . — On lOth June. 88 da.vs after the first feeding of the 
mosquitoes, the sheep w^as injected subcutaneoii.sly wntli 1 c.c. blood from sheep 
84498 (virus sheep 18). Ten days later a marked reaction appeared, lasting 

5 days with 107° as maximum. 

The lesult of this experiment was negttfive. The sliglit temperature 
reaction noticHnl was not typical at all and the Ksheep proved afterwards to he 
normally susc*eptihle. 

Experiment 46 (B.T. 41), 1 Aedes lineniopennis. 

Injection. Interval 88 days. Sheep 84410. 

On 27th May, 1 A. lineniopennis of group 20 was still alive and it w^as 
injected (with two other specimens fed on a sheep infected wdth Ixopo virus) 
into sheep 34410. 

The result of the experiment was negative. The reaction and the immunity 
test have been described already under experiment 88. 
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D, Hksults of the Experiments with the Rameei.fontein 
Strains of Bi.uETONGrE. 

At the be^iiinin^ of April, material from a vme of blnetonj^iie, 
wlu(;h had occurred in a lamb at Kameelfcmtein (Transvaal) was 
obtained. It promised to be a suitable strain for our purposes, as 
at least in one of the injected animals slight clinmal symptoms 
appeared. 

The season, however, was already nearing its end, and Aeries 
cahallvs was the only species obtainable in large numl)ers, breeding 
in our experimentally flooded breeding places. Besides this species 
only a very limited number of A. linentopeimis could be obtained. 

In all, 402 A. cabal hts and 12 lineatopennis were fed on the 
virus sheep. Unfortimately the mortality amongst the former 
species was considerable. The mosquitoes were kept in our warm 
room on sugar water as usual. After an interval of at least 14 days 
they were fed on 8us(*.eptible sheep and part of them refed after a 
longer period. One specimen of A. linertfopeanis was injecded into 
a sheep more than 1 month later. All shee]> were afterwards tested 
for immunity by inje<*tions with the same strain of virus. 

The following results were obtained in these experiments. 

Aciles cahallvs^ experiment 40. 15 specimens fed after lo days. 

Result negative. 

Aedes cahallvs, experiment 41. After 25 days 4 specimens 
belonging to the same batch as those in the preceding experiment, 
fed. Result negative. 

A. cahallvs, experiment 42. After an interval of 15 days dl 
specimens fed. Result negative. 

A. cahallvs, experiment 43: After 21 dajs 9 specimens 
belonging to the same group as those of ex])eriment 42, fed. Result 
negative. 

A. cahallvs, experiment 44. After an interval of 15 days '4 
specimens and after 20 days 1 specimen belonging to the same grou]) 
fed. Result negative. 

A. lineatopennis, experiment 45. After 14 days 5 specimens 
and after 21 days 1 specimen fed. Result negatice, 

A, Ihieatopennis, experiment 40. Injected after 38 days 1 
specimen. Result negative. 

In these 7 experiments 49 A. cahallvs fed after 15 days, 10 
after 20-21, and 4 after 25 days, 5 A. lineatopennis after 14 ancl 
1 after 21 days, whereas one specimen of the latter species was 
injected after 38 days. All e.rperiments were negative. 

The experiments with Aedes cahallvs were carried out with 
sufliciently large numbers. The strain, which had shortly before 
been isolated from a natural case of bluetongue, was virulent enough. 
The result, therefore, must have a definite value. 
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DISCUSSION OF THE RESULTS OBTAINED IN BLUETONCUE 

EXPERIMENTS. 

During the summer 1931/^^2 a number of experiments with 
bluetongue in slieej) was carried out at ()iiderste])oort tof»ether with 
work on horsesickness. 

The epizootolo^’ic'al evidence at band pointed out that the 
transmission of both diseases must be very similar and that most 
likely mosquitoes were involved in the transmission. It must be 
stated, hoAvever, that these epizootolo^^ieal evidences — the non- 
contagious (diaiacter of tlie disease, its restriction mainly to the 
summer months, the correlation between the amount of rain and 
the number of cases, the jmotectiori afforded by stables at nig-ht — 
are somew’hal meajJie, fitting* w’ell, however, with the assumption 
of nios<iuitoes being the carriers. 

During the same time a mosquito survey W’as carried out at 
()nderste])oort , the results of wdiich have been described in the first 
pa[)er of this series. If was found that amongst the mosciuitoes some 
Acdca sj)ecies best fulfilled the e])izootologi(*al requirements. These 
species are limited to the summer months, and their numerir^al 
appearance depends more than that of any other genus on the 
amount of rain. Acdes rahalhfx^ *4. lineaiopcnnis and A, hnautvsy 
were regarded as tlie most suitable tiansmitters, ^4. riftatus, A, 
(leniufus and some other sjiecie^ as possible transmiHers of secondary 
inqmrtam^e. 

^Jo transmission exiieriments have been undei taken before w ith 
this disease. 


Stkaixs of llLiEroNouK Virus. 

Three different sfiains were used for these experiments, most 

of which were carried out with the ordinary laboratory vaccine 

strain, as the first mateiial fiom natural cases was only obtained 

at the beginning of April. 

The vaccine strain luul been isolated from a natural case in 

February, 1927, and had passed in the meantime through 48 
generations. In 8(1 j)er cent, of the shee]) tenqierature reactions 
were shown after injections w’ith this strain, of which 20 per cent, 
had to be regaided as slight reactions. Only 8 deaths had occurred 
in the earl> generations, and from the 12th generation onwards no 
clini(*al symiitoms were recorded. Temperature reactions were, 
therefore, the only guide for the interpretation of the results in our 
work, and in a number of experiments no definite opinion as to 
the result could be reached. 

At the beginning of April, 1932, maierial from two natural 
cases of bluetongue was jeceived, one from Ixo])o, Xatal, and the 
other fiom the farm Kameelfontein in the Pretoria District. At 
that time the bluetongue season was already nearing its end. All 
efforts to get material from spontaneous cases earlier in the season 
had failed. 
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Throuj 4 ‘h injeciion of the Ixopo strain in the first generation 
only mild reactions were obtained, whereas the Kameelfontein 
material gave infections of medium to marked intensity, and in 
one of the further subinoculations even slight clinical symptoms. 

Expepimentai. Animals. 

The sheep used for these experiments came from a known 
bluetongue-free area of the Cape Province. It is very exceptional 
to find an immune animal amongst these sheep. To be as safe as 
possible, however, all sheep were testenl for immunity after the 
experiment had been finished with the same strain as was used 
for infecting the respective mosquitoes. 

The mosquifoea used in the ex})eriment were rddained by catching 
the larvae and pupae or the adults in the field. 

They were fed on the infected and later on the susceptible 
sheep in small cages covered witli mosquito-netting. These cages 
were fixed on clipped areas of the skin l)y ])ieces ot tape, attached 
to the surrounding wool. They were covered with a piece of wet 
cotton wool to ensure a sufficient degree of humidity inside the 
cages. 

The mosquitoes were kejd between the feedings in a warm room 
on sugar water in jars or cages. In order to ensure that a sufficient 
degree of humidity was obtained, the jars were placed in larger jars 
<*ontaining damp (*otton wool and tlie cages were suirounded with 
dani]) hessian. 

A full description of the technique has b'een given in the second 
paper of this senes. 

In all, 2,892 specimens of G dilferent species of mosquitoes were 
fed on the infected vsheep, viz., 2,124 A. rahaitvs, tJ39 A, Jineato- 
pen fits, 52 .1. hir,sutuj<, 5G A. ritfafus^ 24 A. (lenfdtus, 8 .4. punrtf/^ 
thoracis and 2 A, dvrhnaensis. More than double the number of 
specimens had to be caught and handled to obtain these results. 

Scheme of ExrKitiMKNTS. 

The clean mo8([uitoes were fed on sheej) exjieri mentally infected 
with bluetongue virus during the actual temjierature reaction. Ijater 
on, sheej » infected or supjiosed to be infected by mos(i[uitoes were 
also used. The mosquitoes were generally i)ut on "to the animals late 
in the afternoon and taken oft* again the follo\Ning morning. 

These infected movsquitoes were injected into susceptible sheep 
in the form of an emulsion in serum, or refed on susceptible sheep 
after an interval of at least 14 days, to allow for a certain develop- 
ment QY multiplication of the virus to take place in the mosquito. 
Some of the mosquitoes w^ere refed again after longer intervals. 

The injections of crushed mosquitoes were mainly made as pre- 
liminary experiments to ascertain the presence or absence of the 
virus in some part of the body of the mosquito. To prove that a 
certain species is a transmitter, feeding experiments are naturally 
necessary. The exclusion of a species from the list of probable 
transmitters is more easily done by injection experiments, 
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When llie experiineiit was roiicluded, every sheep was tested 
for immunity by means of subcutaneous injecdions of 1 or 2 c.c. 
bluetonf^Re material from the same strain as that used for the 
infection of the mos(|uitoes. The immunity test was never applied 
earlier than S weeks after the feeding or injection of the mosquitoes 
in order to allow sufficient time for a leacdion to appear. 

First Series of Kxferiments. 

We started our experiments with the ordinary vaccine strain, 
of hi nefomjve virns. At first, in order to ascertain the presence of 
virus, the mos([uitoes were injected into susceptible sheep after periods 
ran«*in^* between i and 19 days. In all, the followinf^ 12 experiments 
were made, in whicffi about 250 mosquitoes, 124 Aedcs cahaUvs, (‘1 
A. dentatns^ 2 A, hirsatus^ 112 A, Uneato'pennis, 1 A, pnnctofho- 
rads and 9 A. dttatns were injected into 10 sheep. 

Kxp. 1. 5 .4. cn ha fills injected after J day. Result positive. 

Kxp. 2. 20 4. rahallus injected after 5 days. Result doubtful. 

Kxp. S. ilO 4. vahallus injected after 5 days. Result negative. 

Exp. 4. 40 4. cahaUus injected after 7 days. Result negative. 

Exp. 5. 14 4. cahnlhis injected after 7 days. Result negative. 

Exp. 6. 15 4. ra half us injected after ]6-17 days. Result negative. 

Exp. 7. 20 4. fiueatopf'nnis injected after 5 days. Result negative. 

Exp. 8. no 4. fniviifopenuis injected after 7 days. Result negative. 

Exp. 9. 2 4. lineatopeunis injected after IG days. Result negative. 

Exp. 10. GO 4. f itirafopninis injected after 17-19 days. Result positive. 
Exp. 11. G 4. riff a f us injected after 5 days. Result negative. 

( 5 4. nffafus injected after 7 days. ^ 

:i A. injected after 7 days. . negative. 

2 4. lursufus injecteil after jT days. I 

1 .1. jninrtitthoracfs injected after 7 days./ 

In the first preliminary experiment 5 Aedcs cahallvs were in- 
jected about IvS hours after they had ted on an infected sheep, with 
a ])osi1ive result, showing lliat the 5 specimens had taken up sufficient 
virus to reprodme the disease. This result proved that the manner 
in which the mos(|uitoes were fed was efficient. 

ISTegative results were obtained by injecting* 99 A. cahallvs 5-17 
days after they ha<l fed on virus sheep; 52 A, Itnenfopennts after 
5-1 G days, 9 A, rittafus after 5-7 days, 3 A, dental ns after 7 days, 
2 *4. hirsvtns after 7 days, and 1 A. pnnetothoraris after 7 days. 

The irijei'tion of GO A, cahallns after 5 days was doubtful, the 
shee]) showing a slight reaction not followed by immunity. 

One e^rperi nicnt, in which GO sped mens ire re injecteil offer 
17-19 days was dearly positive^ showing a typical fever reaidion, 
com})lete immunity and clearly positive results with immunity in 
two subinoculations (experiment 10). 

From these experiments we can conclude that the bhteiongue 
rirvs is capable of persisting in Aedes lineatopennis in a fully 
virulent form for periods of at least 17 days. This, however, was 
not regularly the case. In 52 sjiecimens of the same sjiecies no 
virus was present after 5-16 days. 
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Second Series of Experiments. 

In one of the experiments of the first series a doubtful reaction 
was obtained after an injection of A. rahalluji, the temperature 
suft’j^esting a mild infection witli bluetong*ue, whi(di, however, 
showed no immunity when tested later. On this case a number of 
^1. (lenfatus, zl. Iiirsvtvs and A. rtftahfs were fed and the following* 
5 experiments carried out: — 

Exp. m. 9 *4. (h’iitdfun injected after 5-6 days. Pesult doubtful. 

Exp. 14, 21) .1. hirsutus injcuded after 5-6 days. Kesult doubtful. 

Exp. 15. 6 .1. hinnifys injected after 16 days. Result negative. 

Exp. 16. 14 A. nftntus injected after 5 days. Result negative. 

Exp. 17. 8 A. rittafuH injected after 20 days. Result doubtful. 

Two of these experiments (15 and lb) with TJ A, hirsifttfs injected 
after 10 and ]4 A. r it fat us after 5 days were <‘ertainly negative. 

In the 3 other exjieriiueiits (10, 14, 17) with sjiecimens of .rl. 
(leuatus, A. hirsvtus and A, riff at us injected after 5-20 days 
reactions resembling more or less the true bluetongiie reactions were 
noticed after the injections of the mosquitoes, but no immunity 
followed or at any rate the immunity conferred ^^as very i\eak. 
Subinoculations into 8 suscejitible sheep failed. 

In the last experiment (17), in which 8 A. ritti/fus were injected 
after an interval of 20 days the reaction that followed was, except 
for the short incubation period (4 days), indistinguishable from a 
true bluetongiie reaction and was also accompanied by slight clinical 
symptoms. The immunity reaction was (|uite weak, suggesting that 
a certain degree of immunity had developed. However, as 4 sub- 
inoculations of blood taken during the fever period, failed, this 
experiment also has to be regarded as doubtful. 


Third Series ojt Experiments. 

Besides the doubtful case used for the sec*ond seiies a true case 
of bluetongiie had been obtained in the first series of experiments 
by means of injections of ()0 A, Jiueatopeu nis 17-1 R days after their 
feeding. The virus had therefoie undergone tme passage thraugti 
rnosguitoes. On this sheep and two subinociilated animals 440 Aedes 
cahalius, BIO A. Ii neat open uis and 10 A. hirsutvs were fed, and with 
this material the following 9 ex])eriments weie cariied out, in which 
this time the inosciuitoes were refed on suscej)tible sheej) aftei* a 
period of at least 14-15 days had elapsed. Some of the mosquitoes 
were fed again after a longer interval or injected later into sheep 
as an emulsion. 


Exp. 18. 16 .1. (uihafbjs fed after 14-15 days. Result negative. 

Exp. 19. 25 .4. cahnllus fed after 14-15 days. Result doubtful. 

Exp. 20. 10 .4. (uhallus fed after 18-19 days. Result doubtful. 

Exp. 21. 1 J. caltalhts injected after R5-3C days. Result negative. 

Exp. 22. 8 A, lineatopennis fed after 14-20 days. Result negative. 

Ex}). 23. 10 .4. llt\ eat ope unis injected after 22 days. Result doubtful. 

Exp. 24. 15 .4. lineofopenuis fed after 14-15 days. Result jmsitive. 

Exp. 25. 16 A. lineato)>enins fed after 18-26 days. Result doubtful. 

Exp. 26. 3 .4. hirsutus fed after 17 days. Result! doubtful. 
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One of the experimeiitt^ (No. 24) was as i>osi1ii:c.. lii 

tin's rase lo specimens fed after an interval ot 14-15 days. 12 days 
later a temperature reaction, however, not very marked, occuried. 
When tested 18 days later for immunity, the animal proved to be 
normally siisce])tib]e. Blood taken during the short febrile reaction, 
was iiije<ded into two sheep. One of these animals developed a 
marked fever reaction, at comjianied by slij^ht but ty])ical clini(‘al 
symptoms, and when tested for immunity it proved to be totally 
immune. Virus must, therefore, have been present in the original 
mos<iuito infected sheep, althou<^h no immunity was conferred to it. 

Clearly ne^*ative results were ol)tained in only d experiments, 
in which 1(> A, caballua were fed after 14-15 days, 8 A. lincatoprrints 
after 14-20 days, and in which 1 4.4. ruhaUva was injected after 
d5-d() days. 

Tn the remaininji'* 5 expeiiments the results were doubtful. In 
these experiments 05 A. (‘(iftall i/s had been fed after 14-19, KJ *4. 
iitte/ifoj/r/tiiis after 18-20, and 4 .-4. hirsi/fus after 17 days, whereas 
10 *4. li iivaf(i}>vnms were injected after 22 days. In one of the 
expeiiments wdth A. n/ballits a sliort i*eac*tion occurred after tlie 
feeding- of the moscpiitoes, followed later by an immunity rea(*tio« 
ot a similar intensity. In the secoml experiment a fairly tyjiical 
reaction (‘ommenced 11 days after the feeding* of the mosquitoes but 
it did not confer anv immunity to the .sheep. In both cases sub- 
inoculations into sus(*e])tible sheep tailed to <>*i\e a i)ositive lesult. 
In the ex])eriment in which 10 4^1. h aeafapca ms were injected, no 
definite reaction follow-ed the injection, but the result of the 
immunity test was not leliable. In the other experiment in whicli 
s])ecimeiis of the same species were fed after 10-18 days, (piite a 
ty])ical temiierature reaction occurred, but it was not followed by 
immunity and subinoculations of blood into susce])tible sheep were 
ne^^’ative. In the exi^eriment with ^4 . b// sat as tlie result of the 
imniunit\' test was very doubtful. The animals used in tliese 
experiments normally showed a regular temperature. 

Forirrn Skuiks of Expeiitmexts. 

14iree of the shee]) of the pieced ing series of experiments were 
used for feeding further mos(jiiitoes. Ihvo of them had shown tem- 
peratures more or less closely resembling bluetongue reactions, but 
not followed by immunity after the feeding f>f ^4 . rahalli/s or 4.4. 
hneatfipen/iis, and the third animal had had a true bluetongue 
reaction after being injected with bhKul from another sheep. The 
va<‘cine strain had thus passed twice, truly or sup])ose<lly, through 
mosquitoes. 

On these three sheej) ^182 A. rahallvs and 75 .4. lineafopennis 
w’ere fed and they w’ere refed in the following experiments after 
intervals ranging betw^een 14 and 20 days. 

Exp. 27. 2 .4. cahalhts fed after 15 days. Kesult nejiative. 

E.xp. 28. 41 A. cnhaUuH fed after 15 clays. Result doubtful. 

Exp. 29. A. ntbitllus fed after 21 days. Result negative. 

Exp. 30. 40 A. athallus fed after 14 days. Result doubtful. 

Exp. 31. 17 A. cabitlhts fed after 20 days. Result negative. 

Exp. 32. 10 A. lineatopennis fed after 15 days. Result negative. 
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None of these experiments were positive. 

Clearly nef^ative resultvs were obtained in 3 experiments, in 
which 55 A, cahallvs fed after 15-21 days, and 10 A. lineatopennis 
after 15 days. 

Doubtful results \\"ere obtained in 2 lexperiiiients, in which 
res])ectively 41 and 40 A, cahallus fed after 15 and 14 days. In 
one of these exi>ei imeiits a temperature reaction set in just prior 
to the immunity test and continuing* through its incubation period, 
whereas in the other experiment just before the application of the 
immunity test, which was positive, another reaction of equal 
strength had occurred. 

FiFiTi Series of Experiments. 

At the beginning of April, 1932, material from a natural case 
of bluet ongue was received from /.ropo. Blood from this case in- 
jected at Onderstepoort into 2 sheep gave only weak reactions. On 
these sheep 413 A, caJmllvs, 10 A. lineatopeninji and a few A. 
dvrhanensiH were fed. At that time of the year A. cahnlhta was the 
only species obtainable in fair numbers. The mosquitoes were refed 
in the following experiments after intervals ranging from 15 to 29 
days and those remaining alive after IJ months were injected into 
sheep. 

Exp. 33. 13 A, vdhallus fed after 15 days. Result negative. 

Exp. 34. 14 .4. vahallitH fed after 15 days. Result negative. 

Exp, 35. 4 A. calHxlluit fed alter 23-24 days. Result negative. 

Exp. 36. 2 .4. injected after 45-46 da^^s. Result negative. 

Exp, 37. 6 .4. }\i\eutopennis fed after 15-29 days. Result negative. 

Exp. 38. 2 .4. Iniedtopennis injected after 45 days. Result negative. 

Exp. 39. 1 .4. durhdtu'nsh fed after 16 days. Result negative. 

In all, 31 A. vahaUvs were fed after 15-24 days and 2 were 
injected after 45-40 days, 0 A^. lineatopennis (of which 2 were 
doubtful) fed after 15-29 days, 2 were injected after 45 days and 
1 A. dnrhanensis ted after 10 days. All the experiments were 
negative, whereas the sheep used proved to he normally susceptible. 

Sixth Series of Experiments. 

At the beginning of April, 1932, we leceived material from 
another natural <*ase, which had occurred at the farm Kameelfontein 
in the Pretoria District. Injected at Onderstepoort into sheej), it 
gave temperature reactions of medium to marked intensity and slight 
clinical symptoms in one of the further subinoculations. 

On three virus sheep 402 A. cahallus and 12 A. lineatopennis 
could be fed and they were refed in the following experiments after 
intervals lasting at least 14 days. 

Exp. 40. 15 A, vahaUus fed after 15 days. Result negative. 

Exp. 41. 4 A. cahalhfs fed after 25 days. Result negative. 

Exi>. 42. 31 .4, cahallus fed after 15 days. Result negative. 

Exp, 43. 9 A, cahallus fed after 21 days. Result negative. 

Exp. 44. 4 A. cahallus fed after 15-20 days. Result negative. 

Exp. 45. 6 A. lincatopenms fed after 14-21 da^'s. Result negative. 

Exp. 46. 1 .4. lineatopennis injected after 38 days. Result negative. 
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In these 7 exi)eriiiients (W A. cahalhts were re fed on sheej) after 
intervals ranj^in^y between 15 and 21 days, whereas finally 1 A. 
line((topet)nis was injeeted after days. All the experiments were 
negative and ihe 7 sheej) used i)ioved later to be normally susoep- 
tible to the Kameelfoiitein strain. 

(tknerae Disci ssion ok the Results. 

In all, 40 ex{)eriments \vere made with three <lifferent strains 
of bluetongne, a vaccine strain and fwo others derived from fresh 
spontaneous (*ases. 

In these experiments •124 specimens were injected after periods 
ranging between i and 45 days and infected mos(piitoes were refed 
•140 times after 14-29 days, viz.: — 

A. rahallus, 127 injected, 2«S1 refed. 

A, linc.afopenniji, 125 inje<‘ted, til refed. 

A. vitfafvs, .‘11 injected. 

A. /ii/svtv.s\ 28 injected, .^1 refed. 

A. (lentalus^ 12 injected. 

A. punctoflioracis, 1 injeided. 

A, fitfrhfntrnsis, 1 lefed. 

Three positive results were obtained. In the first case some 
Acdes raballun were injected the <lay after their feeding and thus 
the result has no relation to the acdnal (‘apacity for transmissioii. 
In the second exi>eriment a positive infection was obtained by the 
injectnm of (id Afv/c.v lineatopennis 17-19 days after their feeding 
on a viiais sheep and this infection <‘ould be transmitted further 
through subinoculations. The third (*ase was not absolutely clear 
cut. 15 A, li/ieatopeiutlf! had fed 14-15 days after their original 
infection, the feeding being followed by a slight temperature re- 
action, b\it not by immunity. Through subinoculations, however, 
the presence of virus could be definitely tra(‘ed during the febrile 
reaction. 

The results were doubtful in Id ex]>erinients in which Jid 
-4. cahalhts, K) .4. lineatopcmus, 2d ^4. hirsiftns, 8 A. riffafvs and 
9. .4, dentatifu were injected after 5-22 days and 116 J. cahalhis 
fed after 14-26 days. In these experiments teni])erature reactions, 
not followed by immunity and not confirmed by subinoculations, 
were observed, or the result of the immunity test was open to doubt. 

32 Experiments were negative, the vast majority, in which 182 
mos(|uitoes w’ere injected and 199 specimens refed. 92 A. cahallya^ 
55 A, lineafopennis, 23 A, rittatvs^ 8 -4. lursufus, 8 ^4. de7}fatus and 
1 A. pvnrtot/toracis were injected after intervals of 5-46 days, 
whereas 165 A, cahnllvs^ 30 A, lineatopefniis, .3 4. hirsutvs and 1 
A. dtahan^nsiH were refed after 14-29 days. In 5 of these experi- 
ments, in which 14 4. rittatnft and 6 A, hirsvtus were injected and 
•38 A, cahallus and 10 A, lineatopennis refed, the mosquitoes had 
been originally fed on cases in which there (!Ould be some doubt as to 
the true nature of the temperature reaction. 
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As iiej^ative experiments, of which there is no doubt, there 
remain 27, in which 162 specimens, 92 A. cahalivs, 55 A. Uneato^ 
penuis, 9 A. 2 A. denfnttta, 2 A. Iiirsntn^s and 1 A, jjuncto^ 

thoracis were injected and 151 specimens, 127 A. cahalivs, 20 A, 
Hncatopennis were refed after the same intervals as stated above. 

Only with A. cabal I us and A, 1 incat oj^ennis (^ould experiments 
with largfe numbers be made. 

Both positive experiments were obtained with Aedes lineafo- 
pemiis. Against one positive case obtained by injection of GO 
specimens after 17-19 days, there are negative results with 50 
specimens inje(*ted after 5-7 and 5 after 1(5-45 days, and against the 
positive result obtained through feeding stand 6 negative experi- 
ments, in w^hich 20 specimens w’ere refed after 14-29 days. 

All the experiments wdth A, cahalivs were negative. 92 speci- 
mens were injected, 74 after 5-7 days, 15 after Ki-IT, and 6 after 
r*15-4(i days. 127 specimens w-ere refed, 92 after 14-15 days and 65 
after 20-25 days. The material used was large enough to allow’ of 
a definite conclusion being arrived at. 

Some facts juay have influenced the results of these experi- 
ments. The vaccine strain, with which most of the WT)rk was done, 
was not a ver,v suitable one. It had been isolated about 5 years 
previously and jiassed through nearly 50 generations by means of 
direct inoculations. Through these direct ino(‘ulat ions it had been 
profoundly altered, attenuated, and it is possible that at the same 
lime its developmental capacity in insects had also been changed, 
viz., redu(*e<l. The lxo])o strain, though recently isolated from a 
natural case, gave very slight reactions, suggevsting that during the 
temperature rea(*tions the amount of viius present in the blood was 
not very large. It may further be ]>ossible that only a certain ])eriod 
in the duration of the febrile reaction is suitable for the infection 
of the insects. • 

In the interpretation of the results vre w’ere as careful lUs 
possible, and some of those regarded as doubtful may actually have 
been positive. 

Arriving at the final conclusions we may say: — 

Aedes lineatopenms seems to he a nafvral fransmitter of h1vc-‘ 
longue. Our results do not allow us to state whether this species 
is an important transmitter or only a more or less accidental 
<‘.arrier, as the number of ])ositive results was too small. 

Fnfortunately, when we did obtain material from natural cases 
towards the end of the season this species w’as only available in 
very small numbers. 

From an epizootologi(^al ix)int of view% Aedes lineafopennis 
would be a very suitable transmitter. Breeding only in temporary 
w’ater, it depends absolutely on the amount of rain. It breeds 
during the summer after good rains in a large number of marshy 
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spots in the veld, provided tliay are c-overed witli ^rass. After the 
mosquitoes have hatched out, the adults remain for some time at 
or near the breeding' i)laees, which usually lie in vleis. The breedin;^ 
habits and behaviour of the adults is just wiial one would expect 
of an efficient transmitter. 

Ae(le,<f cahdllus dnen ttof aetnn to hr a frdo.sinitfrr df dll. The 
number of ne^alivc experiments was sufficient to warrant this 
comdiision. 

The material used of other species is tcM) small to allow of any 
definite conclusion. However, accord to the nej>*ative results, 
althougdi small in numbers, it is iinpiobable that they are very 
important carriers. 

In future work the real importance of Ji. linrdfoprnfus will 
first of all liave to be decided, and if this should ha])pen not to 
be in favour of this species, more work with the Stegouiyia group 
and with Anophelines wdll have to be carried out. The possibility 
still remains that Arthropoda other than inoscpiitoes may be involved 
in the transmission of this disease. 


SUMMARY. 

During the summer IfKfl transmission expeiiments with 
bluetongue in sheej) were c^arried out at Ondcnstepoort. Owing to 
lac k of rain, the season was very unfavourable for our work. 

The result of a mosquito survey had i)ointed to Ardei^ species 
as being very suitable transmitters from an e])izootological point 
of view% and some spec-ies of this genus wore used for our experi- 
ments. 

Three strains of virus were used, the vaccine strain of tlie 
laboratory and 2 strains from natural cases, obtained tow^ards the 
end of the seuvson. 

Nearly 3,000 clean mosquitoes wore fed on bS infected sheej), 
the majority belonging to Aedeji cahdIlvH and A, luirdtopmnis, and 
only relatively small numbers of o other species including 
A, hirsi/ttiJt, A, rittdtva and A, drnfat'K,^. 

In 22 experimcmts, 324 specimens were injec-ted into sheep after 
periods ranging betwoen h and 43 days, 127 *4, cahalht.'^,, 123 A. 
lineafoprtuiis, the remainder belonging to A, nffatus. A, hirsvfus, 
A, drnUitus and A, ponctothorarts. 

Infected mosquitoes wore refer 340 times after 14-29 days on 
susceptible sheej) at jieriods varying between 14 and 29 days, viz., 
281 A, cahallus, 01 A, huratopmui,^ and 4 A, hirjtutifs and 
4.4. durhdnensis. 

Three positive results wore obtained. In the first case 5 mos- 
quitoes wore injected shortly after their infection, showing only that 
suffic ient virus was taken up. In the second c ase 00 .1. hnratopernn,^ 
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were injected after 17-19 days, and in the last experiment 15 speci- 
mens of the same species refed after 14-15 days. In the last case 
no immnnity was acquired but the presence of virus could be 
ascertained by subinoculation. 

All the other experiments were either neffative or the results 
doubt fill. 

Aeden li nealopennis seems to be a transmitter of bluetoiigue, 
very adai)ied for this purpose from an epizootolog'ical j)oint of view 
owing* to its hieeding habits and behaviour in the adult stage. It 
(‘oiild not be ascertained if this species is an iin])ortant or only a 
more or less accidental tiansmitter. 

Aedes rahaJh/s does not seem capable of transinitt ing the disease. 

Ihe work (-ariied out up to now <loes not ])resent a solution of 
the problem of the natural transmission of bluetongue. 
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I. IXTROjn^CTION. 

II. OiUEOT OF Investigation. 

I II . Ltteiiatxtre. 
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A. Experiment I. Ration low in Ca and P. 
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(h) Ration low' in C'a and Mf^*. 

1). Exi)eriincnt IV. Ration adecpiate in all respects. 

E. Exi)eriment V. Ration low' in all minerals except P 
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E. Experiment VI. Ration low' in Na and (^1. 

G. Experiment A"1I. Ration low' in Cl. 

H. Experiment VITT. Ration hnv in Na. 

I. Ex])eriment IX. Ration low' in K. 

K. Experijuent X. Mineral intake as in Experiment TV. 
Plus KI. 

V. General Djscfssion of Experiments and Comparisons of the 
Rkshlts Obtained. 

(.0 K, Na, Cl and M-. 

(Ij) Ca and P. 

(c) Reproduction. 

VI. Summary. 
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* Report No. 1 appeared in the Jnl, Ag^'ic. Sc, (1927), Vol. 17, pp. 293**314. 
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I. INTRODUCTION. 

Increased production of milk and beef, like the imj)rovement of 
herdvS, is closely associated with good feeding, while imx)roved nutri- 
tion (‘an only be brought about if feeds in all their constituents 
satisfy the reciuiiements of the animals. Minerals, as is probably 
universally realized in both agricultural research and practice, play 
an important part in the rations of cattle kejit for high production. 
Furtliermore, the feeding of mineral constituents to stock has cer- 
tainly had at least its fair share of attention during the last dozen 
years and, like most matters that are suddenly x^^'cjected into the 
limelight, has been stressed and emphasized almost to the exclusion 
of other e(xually important problems. Perhaps a reason for this 
de(iide(i emphasis of the mineral composition of tlie diet has been 
the belief that a lactating cow assimilates probably only about 20 
per cent, of the minerals present in her feed, and that consequently 
milk production is a heavy drain upon the animars mineral reserves. 
Then too, the phenomenal imiirovement in the growth rate of (attle 
on supplying the naturally deficient mineral, especially phosphorus 
in (certain countries, has given impetus to the study of the mineral 
constituents of the diet, with the result that while a balanced ration 
was assumed to contain sufficient minerals for the recxuirements of 
stock in the X)ast, in re(‘ent years the practi(*e has bec'ome prevalent 
to supj)ly additional minerals to those ('ontained in the ration of 
dairy cow’s and even of non-lactating grazing animals. 

II. OBJECT OF THE INVESTIGATION. 

It was with the view to determine the minimum mineral require- 
ments of growing cattle that a study of this i)roblem was begun in 
1925. The first report of the work was published in 1927 while the 
exi^eriments recorded in this article form a (‘ontinuatioii and in some 
ways an extension of the original object of studying the mineral 
requirements of growing heifers. As in the first investigation, a 
pair of Grade Friesland heifers, 30 months old, was j)hiced in each 
exx)eriment, which was continued through the growing i)eriod and 
until the end of the first three months of the second lactation ])erio(l. 
Full details of each experiment and its results are given in the text 
below. 


III. LITERATURE. 

No attempt will be made to review recent literature on mineral 
metabolism, since this subject has recently been discussed by 
(h-icFton (1980), who gives a fairly extensive list of refereimes, and 
although one regrets that the earlier work of investigators like Marek, 
Wellman and Sjollema in the field of mineral jnetabolism has been 
omitted, the review of the literature is undoubtedly a masterly one. 
Calcium and phosiihorus predominate in all the work mentioned. 
As a matter of fact Crichton deplores the absence of data on the r(71e 
of other inorganic constituents such as magnesium, sodium, potas- 
sium and chlorine in animal nutrition, while he states that know- 
ledge of the mineral requirements of growing cuttle is regrettably 
scanty. 
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The position as set forth by Crichton with regard io the mineral 
requirement of dairy cattle may be summed up as follows : The 
literatuie provides abundant proof for the limitation set upon growth 
and milk ])roduction by deficient phosphorus in the diet under natural 
conditions of grazing. Under experimenial conditions clinical 
symptoms of apliosphorosis may develop. With regard to calcium 
the position is not so clear <*ut. There is no direct evidence that 
})asttires exist that are so deficient in cabdum that the growth rate 
oi* heal til of stock is alfecied, but the author doubts whether such 
(*ases do not occur. (Calcium deficient diets have given positive 
results under experimental conditions. CVmcerning other minerals 
lueseiit in milk, there is almost no information as to the require- 
ments of cattle and “ there is no information on wliich to base even 
an opinion as to whether or not deficiency of some of these may 
affect milk yield or health ”. Chlorine is liable to be deficient, but 
this is easily made good by providing rock or ordinary salt. Cri(*hton 
concludes by expressing the view that the grading up of pastures, 
although a slow business to ensine adequate mineral intake must be 
given iireference to the addition of inorganic salts to deficient rations. 

On the whole ve are in agreement with the latter view as an 
ideal and grading up is comiiaratively simiile wheie artificial jiastures 
are concerned, hut it does not as yet, exce])t in a very small way, 
fall within the s(*ope of practical agricultural j)olitics where natural, 
mixed ])astures aJe concerned. ft has not yet been shown that 
])hospho7'ns deficiency, undoubtedly the most wides])read mineial 
defic iency in natural pastures c-an be made good in this way, so that 
siip])lementarv feeding of minerals to stoc*k is still an important 
method of overcoming mineral deficiencies in the* natural feed of 
animals. 

An as])cc*t <d Ihe c*ause of })hos])horus defici(*nc*> in natural 
pasture's wliich is olteii overlooked and whicli Ihrows some light on 
the ]uizzle of an existing ])hosphoras clefi(*ioJU*y in ])rac*t iially all 
suh-t?'o])ical areas with ^seasonal rainfalls not well distributed over 
the year and hence suhjcM-t to droiiglits, lies in the variation of thc^ 
l>hos])liorus content of pastures with growth, (jonerally, young suc*- 
culc'iit grass high in j)hos])horus is available only for a c*omparatively 
short ])eiiod, while full-giowui, mature grass, low in ])}iosphorus, 
fojins the staple food fen- perliaps eiglit of the twelve months even 
in areas where the soil is not necossarily deficient in i)liosphorus. 
Values of 75 ]>er c-ent. PoO.. for young grass may cliaiige ejuite 
normally to Od per cent, for the same grass when mature. Unless 
pasture impiovement develo])s a short cut to the (‘stahlislimeiit of 
jiastures consisting juainly of grasses wdiicdi do not sliow’ a reinaikable 
droj) in their phosjdiorus content on maturing, supplementary phos- 
I)horns feeding in ])astoral countries like South Afric-a and parts of 
Australia, will of necc'ssity still he practised for a long time. 

Iteed and Huffman (19d(l) report on a five-year mineral feeding 
investigation rvith dairy cattle and vstate that the mineral require- 
ments of dairy cows under c onditions of normal produ(*ticm and stall 
feeding of halancod rations are probably satisfied w ithout the addiJ:ion 
of supplementary minerals. 
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Marek (1924), Wellman (1931) and Marek and Wellman (1932) 
place great stress upon ratios of minerals to one another which is 
implied in their conception of “ Alkali-alkalizitiit ’’ and “ Erdalkali- 
alkalizitiit These authors explain rickets and allied conditions 
along- lines of abnormal Erdalkali-alkalizitat (MgO -f CaO ~ P 3 O 5 in 
inilligTam equivalents per 100 grams dry matter of the ration). A 
well balanced and healthy ration should show a value between 20 
and 25 mgm. equivalents and it is interesting to note that many 
so-(^alled well balanced rations will not be approved of by these two 
authors or may even be labelled as definitely rachitic. A vast amount 
of data obtained mainly from experiments with pigs during a score 
of years, is presented in tw’o volumes under joint authorship and 
although much is stated which is not in agreement wdth the (uirrent 
conception of mineral metabolism, the work (-ertainly demands the 
serious attention of investigators in this field of research. 

IV. DETAILS OF INVESTIGATION. 

In the experiments recorded in this paper an attempt was made 
to subject heifers to extremely low' intakes of mineral (‘onstituents 
and, as in the 1925 experiment, roughage was reduced to a minimum 
in order to obtain a basal ration sufficienily low in all minerals to 
be satisfactory for all the groups, and so i)lace them on a common 
basis for comparison avS far as food consumption is concerned. It 
was found that 3A lb. hay, 5 lb. crushed maize and 5 lb. maize 
endosperm or fanko, gave a basal ration low* in mineral but adequate 
in other respects in that it prodiK^ed normal grow'th if the minerals 
required were given as a sui)plement. The total intake of minerals 
and the mineral (‘omposition of the ration are given in Table I. 

TABLE I. 


Pei ventage Mineral Composition of Materials used. 


Material. 

CaO. 

MgO. 

K.O. . 

Na^O. 

PjOj. 

01. 

so,. 

Protein. 

Hay 

•35 

•26 

1-2 

•08 

•13 

•25 

•40 

4-8 

Maize 

•03 

•24 

•36 

•16 

•5 

•08 

•16 

90 

Fanko 

•01 

•05 

•14 

•02 

•09 

•03 

•14 

8-0 

Blood meal. . 

•2 

•03 

•40 

1-6 

•60 

10 

•8 

64-8 

Ensilage 

•10 

•07 

•3 

•01 

•1 

•06 

•1 

1-6 

Meat meal. . . 

11 

•04 

•4 

1-4 

1-4 

•85 

•7 

80-0 


The initial basal ration of 3*5 lb. hay, 5 lb. crushed maize, 5 lb. 
fanko, and 20 gm. blood meal contained the following ax)proximate 
amounts of constitxients in grams : — 

Constituent CaO MgO KgO Cl SO 3 Protein. 

gm. per head per day fi -8 IM 29*3 5-7 15-4 0-7 ]2'9 472 

l)ue to the high cost of fanko the initial plan of omitting maize 
and increasing the fanko to 10 lb. had to be abandoned. Maize is 
considerably higher than fanko in minerals, esixecially phosidiorus; 
so much so that it was impossible to produce an acute phosphorus 
deficien<;y on the above ration, and fanko had to be substituted for 
maize in the phosphorus deficient groups as indicated further in this 
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article. Blood meal was added to improve the quality of the 
protein of which the ration (*ontained sufficient for growing? heifers 
weighing approximately 800 Ih. on an average. 

The experiment was begun in September, 1980. The animals 
were stabled under roof in separate feeding boxes over night in a 
shed. The fanko, maize and blcK)d meal were fed in the afternoon 
at 8 o’clock when the animals were fastened to their mangers. In 
the early morning the hay was given which was invariably consumed 
before half-past 9 when the animals were allowed to go into a fair 
sized ])addock with concrete floor for exercise until stabling time in 
the afternoon. Water was always available and the minerals were 
added to the concentrates of the ration. Each animal was placed 
on the experimental ration immediately after service. 

Twenty-six grade Friesland heifers, 2i years old, were available 
and pairs, as uniform as possible, were placed in each experiment. 
With the exception of one, all the animals calved in May and June, 
1931. Each was milked for a 90-day period then allowed to dry 
off and placed with the same bull for a second service in December, 
1931 . 

In February, 1932, 5 lb. maize ensilage was added daily to the 
basal ration which, therefore, altered the mineral intake per head 
to the following values: CaOr^H-S gm., Mg0^12-5 gm., K20-35-3 
gm., NaaO-b t) gm., P20..^-^17*4 gm., C1^8 0 gm.; 803=^14-9 gm. 
The protein content of the new basal ration was 510 gra. At the 
beginning of the second lactation period additional protein was given 
in the form of 1*5 lb. of meat meal. A summary of the intake of 
minerals contained in the basal ration over the whole experimental 
period is given below^ in grams: — 


Period. 

OaO. 


KgO. 

NajO. 

r,o.. 

01. 

SO 8. 

Protein. 

rt 17. 9.30- 
IS. 6. 32. . . 
18.5.32- 

08 i 

Ill 

29*3 

5*7 

16*4 

6*7 

12*9 

472 

8. 8. .32 

8-8 

12-5 

35*3 

5*9 

17*4 

8*0 

14*9 

610 

Last 3 months 

151 

12-8 

38 0 

16*6 

270 

13*8 

19*5 

1,026 


Prior to the experimental i)eriod the roughage of the ration was 
gradually reduced to that contained in the basal ration. During 
the preliminary period beginning on 11.5.30 each animal was put on 
a ration consisting of 3A lb. lucerne hay, 5 lb. maize, 5 lb. fanko, 
20 gm. blood meal, 4 ounces bone meal, until gestation began w’hen 
the basal ration given for the period 17.9.30-18.5.32 was given 
instead. 

Bearing in mind the basal rations for the periods given, the 
arrangement of the heifers into tw^elve groups of one pair each will 
be clear. An attempt w^as made to keep the total intake of minerals 
in all the groups constant except the one constituent which was kept 
low intentionally. The quantities of mineral supplements given w^ere 
based upon the composition of 12 lb. good English hay and an 
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attempt was made to approximate the quantity of minerals in the 
ration and supplement to that which w^ould be ingested by heifers 
of this type on English pasture. The following table contains a 
schematic representation of the experiment and indicates at the same 
iime tlie intake of minerals in the various groups. 


TABLE II. 

Daily intake of Minerah per head in Basal liation 
plus Mineral Supplement, 


D.O.B. 

Nos, 

Experiment. 

Period. 

CaO. 

MgO. 

KgO. 

NagO. 


Ce. 

SOg. 

3641 

1. 

Low Ca and low P 

19.7.30 to 










17.2.32 

6-8 

21-4 

76*3 

18-9 

15*4 

57-4 

12-9 

3648 


18.2.32 to 
17.5.32 

18.5.32 to 

6-3 

16*3 

72-3 

16-7 

8-4 

66-2 

12-9 



8.8.32 
Last three 

8-3 

17*3 

78-3 

16-9 

8-4 

57-5 

14-9 



months 

14-8 

180 

81-0 

27*5 

17-4 

63-3 

19-5 


11. 









3659 

Low P 

19.7.30 to 
17.2.32 
18.2.32 to 

51-6 

21*4 

76-3 

18-9 

15-4 

.57-4 

121> 



17.5.32 

5M , 

16-4 

72-3 

15-8 

6-4 

56-2 

12-9 



18.5.32 to 
8.8.32 
Last three 

531 

17*8 

80*3 

16-0 

8-4 

57-5 

14-9 


1 

months 

59* 1 

20 1 

83-0 

25-6 

18-0 

65-3 

19-5 


IIIa. 









3643 

Low Ca 

19.7.30 to 










17.5.32 

6-8 

21-4 

74 0 

18-9 

45-1 

49-8 

12-9 

3655 


18.5.32 to 
8.8.32 
Last three 

8*8 

22-8 

80-0 

19-1 

46-8 

50-2 

14-9 



months 

151 

231 

80-0 

28-7 

56-7 

56-0 

19-5 


lllB. 









3640 

Low Oa and low 

19.7.30 to 









17.5.32 

6-8 

111 

101-3 

18-9 

45^ 

48-9 

12-9 

3659 


18.5.32 to 
8.8.32 
Last three 

8-8 

12-5 

107-3 

191 

46-8 

50-2 

14-9 



months 

151 

12-8 

110 0 

28-7 

56-7 

56-0 

19-5 


IV. 









3642 

All mineral deficiency ex- 

19-7-30 to 









cept P. and Oa 

17.5.32 

471 

IM 

29-3 

5*7 

45*1 

6-7 

12-9 

3649 

18.5.32 to 
8.8.32 
Last three 

491 

12-5 

35*3 

5-9 

46-8 

8-0 

14*9 




months 

55-4 

12-8 

38-0 

! 16-6 

56*7 

13*8 

19*5 
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TABLE U~(continuc(l), 


D.O.B. 

Nos. 

ExjK*riinont. 

Period. 

CaO. 

]V1p;(). 

K., 0 . 

Na, 0 . 


(V. 

8 O 3 , 


V. 









3051 

Low Na aiul low (3. ... 

]9.7.3() to 










17.5.32 

501 

21-4 

75 0 

5-7 

45-1 

0-7 

12-9 

.3646 


IS. 5. .32 to 
8.8.32 
Last three 

53*6 

22-8 

80*0 

5-9 

46-8 

8-0 

14-9 



months 

.59-9 

23- 1 

8 ( 1-0 

15-5 

50-7 

13-8 

19-5 


VI. 









3058 

Low (3 

19. 7. 30 to 










8.8.32 

51 0 

21-4 

70-3 

18-9 

45-1 

0-7 

12*9 

3075 


18.5.32 to 
8.8.32 
Last three 

53-6 

22-8 

80-0 

19-1 

46-8 

8-0 

14-9 



months 

,59-9 

23 1 

80-() 

28-7 

50-7 

13-8 

19-5 


Vll. 









3053 

Low Na 

19.7.30 to 










17.5.32 

51 0 

21-4 

70-3 

5-7 

45-1 

57-4 

12-9 



18. 5. .32 to 
8.8.32 
Last three 

.53 0 

22‘8 

82-3 

5-9 

40-8 

58-7 

14-9 



months 

59*9 

23-1 

80-0 

15-5 

56-7 

04*5 

19*6 


VIH. 









3073 

Low K 

19,7.30 to 










17.5.32 

51-6 

21-4 

29*3 

18-9 

45-1 

57*4 

12-9 

3050 

1 

18.5.32 to 
8.8.32 

1 Last three 

53 0 

22-8 

.35-3 

19-1 

46-8 

40-8 

14-9 



months 

[ 59 0 

1 

231 

38-0 

28-7 

66-7 

53*8 

19-5 


IX. 





1 




3077 

All minoral sufficiency, 

19.7 30 to 


1 

1 







plus Kl 

17.5.32 

471 

! 21-4 

70-3 

18-9 

45-1 

57-4 

12-9 

3652 

18.5.32 to 
8.8.32 
Last throe 

491 

22-8 

82-3 

19-1 

40-8 

57-4 

14-9 




1 months 

56*4 

231 

85-0 

28-7 

50-7 

04-5 

19-5 


X. 

1 








3045 

All mineral sufficiency . . 

19.7.30 to 
17.5.32 
18.5.32 to 

471 

21-4 

76-3 

18-9 

45-1 

57*4 

12-9 




8.8.32 
Last three 

491 

22*8 

82-3 

191 

40*8 

58*7 

14-9 



months 

55-4 

231 

86-0 

28-7 

50-7 

64*5 

19-6 


It will be seen from Table II that eleven groups each comprising 
a pair of heifers were formed. Originally there were 12 pairs but 
the group receiving a supplement of sodium fluorine soon showed 
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clinical symptoms of fluorine poisoning as reported in an article by 
Du Toit and others (1932) and was perforce eliminated when the 
animals died, about 12 months after the beginning of the experiment. 
On the whole the mineral intake remained constant for all groups 
excjept, of course, that the constituent intended to be low in the 
ration of a particular group is restricted to the amount contained 
in the basal ration only. For instance, the phosphorus intake of 
animal No. 3659 viz. 15-4 gm. in Experiment II is intentionally 
different from that of the animals in Experiment IV, but the amount 
of other minerals contained in these two rations is the same for both 
groups. 

In Experiments I and II the basal ration containing 5 lb. fanko 
and 5 lb. maize was changed on 18.2.32 to 10 lb. fanko or maize 
endosperm and no maize, thereby decreasing the phosphorus intake 
very considerably (from 15*4 to 6*4 gm.), without altering the rest 
of the composition of the ration markedly. 

In the following pages each of the groups or experiments set 
forth in Table II will be considered separately and comparisons made 
with the control animal in Experiment X, the ration of whi(;h was 
supplemented to be sufficient in all the minerals studied. Unfor- 
tunately animal 3639, the second conti'ol heifer, was injured and had 
to be eliminated from the experiment. One of the heifers in Experi- 
ment II died of Heartwater (ric ketisiosis) shortly after the beginning 
of the experiment and left only one in that group. li is unfortunate 
that only one control heifer remained in this investigation, but if 
a comparison is made of the growth curve of this heifer, viz. No. 3645 
with that of the control group kept under similar conditions in the 
experiments described by Theiler, Green and Du Toit (1927) it will 
be seen that this heifer can well be regarded as the standard of com- 
parison in the present investigation. Her increase in weight, general 
health, food consumption, etc., agree well with those of the controls 
in the original experiment. 

lleference to the weight (uirves will make the basis of comparison 
of the groups clear. Naturally •the animals in the different groups 
did not calve on the same date, yet it is obviously necessary, if com- 
parisons are to be made, to compare a lactating animal of a group 
with its mate during the same period of lactation. The same a])plies 
when groups are (‘oinpared. Hence the two successive dates of 
calving of all the animals were made to (loiindde. The two periods 
of lactation and of gestation will then obviously coincide. The 
length of the rest periods were different and these are indicated in 
figures on each curve. Direct comparisons between two animals are, 
therefore, made for the respective gestation and lactation periods in 
the graphic representations submitted below. 

The animals were weighed at monthly intervals, when samples 
of blood Were drawn for analysis. Food (consumption was registered 
from time to time as stated in the discussions of the individual ex- 
periments. Milk production was registered and monthly milk samples 
analysed for minerals as well as for the organic constituents. This 
aspect of the work will be reported on in detail by one of the authors 
(J. W. G.) at a later date. 

The basal ration of 3*5 lb. hay, 5 lb. fanko, 5 lb. maize, 20 gin. 
blood meal was given daily for the first 20 months of the experiment, 
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when foj* reasons explained in the general dist iission of the work, 
5 lb. of maize ensila^^e was ^iven in addition. Actually, therefore, 
the animals were not receiving** enoug:h protein for milk production 
during the first lactation period, while during second lactation 
protein deficiency was rectified l)y the daily addition of 1 f) lb. meat 
meal (80 per (*ent. protein.) 

The basal rations for the three perii>ds of the investigation were 
as follows: — 


1 . 


2 , 


li. 


Period. 


Daily Basal Ration. 


Beginning of first gestation 
(Sept., l9:tOH7.5.:}2 

18.5.32-8.6.32 

Last 3 months of investigation 


3*5 lb. hay, 6 lb. crushed maize, 5 lb. fanko, 20 gm. 
blood meal. 

Basal ration of Ist period, plus 5 lb. maize ensilage. 
Basal ration of 2nd period, plus 1 - 5 lb. meat meal (80 
per cent, protein). 


Reference to Table T1 reveals B (corresponding periods of mineral 
intake as suggested by the above, exccept in Experiment T which has 
been explained elsewhere. Food consumption was regislered daily and 
the animals inspected for clinical symjiioms of disease or of 
deficiencies. 


Expektment I. 

Low ralcivm. and loir phoaphorns hut adecpiate in other respects. 


// isfory. 


No. of animal 

Date when experimental ration began, 

i.c. beginning of 1st gestation 

Date of calving 

Knd of lactation 

End of rest period, i.e. beginning of 2nd 

gestation 

Date of calving 

Date of conclusion of experiment 


No. 3«41 

No. 364K 

No. 3646 
(fontrol.) 

28.8.30 

lAKlM) 

29.10.30 

4.6.31 

3.6.31 

19.7.31 

4.9.31 

3.9.31 

19.10.31 

15.11 .31 

5.3.32 

14.12.31 

26.8.32 

12.12.32 

25.9.32 

23.9,32 
(killed irt 
extremi'<.) 

12.3.33 

25.12.32 


The basal ration of ‘IJ lb. hay, 5 lb. crushed maize, 5 lb. fanko, 
and 20 gm. blcKxl meal was given, ])lus 25 gm. NaCl, 15 gm. 
Mg(0H)2 and 75 gm. KCl. The mineral const ituenls in the day’s 
food (*ame to ()*8 gm, CaO, 15 4 gm. 21*4 gm. MgO, 70*8 gm. 

KaO, 18*9 NagO, 57*4 gm. Cl and 12*9 gm. SOj. Except for phos- 
phorus and calcium the mineral content of this ration was the same 
as that given to the (‘ontrol animal No. 8045 on a ration sufficient 
in all minerals. The ration is potentially alkaline with a positive 
Erdalkali-alkalizilat of approximately 24 milligram equivalents and 
a ratio of CaO to of ll2*2. 

It should be stated, however, that this experiment was conceived 
wdtli tlie intention of producing deficiencies in xihosphorus and <*alcium 
apart from the fact whether a favourable or unfavourable calcium 
phosphorus ratio, or Erdalkali-alkalizitat was present or not. These 
factors may and probably do influence the severity of a deficiency, and 
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its eltect upon the system ; but if an absolute deficiency can be broug‘ht 
about, factors influencing its eflect upon the organism or its acuteness 
must be of secondary imi)ortance. That was the attitude towards such 
factors at the beginning of the investigation and hence they were 
left out of c-onsideration, although it was realized that they would 
probably not be without efle(‘t. This course was adopted in the 
belief that the deficiency would be sufficiently acute in any case 
to be recognized in spite of favourable factors. 

In an experiment now being undertaken (talcium and phosphorus 
metalM)lism is being studied on a broader basis with due regard to 
the effect upon the absorption, retention and utilization of these two 
(‘onstitnents, of modifying factors such as varying ratios and (dianges 
in the Erdalkali-alkalizitat in Marek’s sense. 

The comparative weight increases of animals 3()4] and 3G48 in 
Experiment I are given in Graph I. The weight curve of the 
control animal 8G45 is given on the same chart tor purposes of (com- 
parison. A graphic representation of the inorganic phospliorus and 
of calcium in the blood of these thiee animals is given in Graph II. 

Aj)parently lx)th animals stood the strain of their first preg- 
nancy well. During lactation the heavier ]>r<)ducer 8041 lost more 
weight, showed hardly any improvement during her comparatively 
short rest period of 72 days, and withstood the strain of gestation 
until about 2 months ])efore calving, when she began to lose w^eight 
rapidly, and it bec'ame obvious that she WT)uld not live much longer. 
She calved normally w’hen in poor condition, continued losing weight, 



Graph I. — Weights of Animals in Pounds. 
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(tHAPH 11.— 1 nor^*unic Vliosphorus and Calciinn. 

and when abend a month after calviup* she was unable to rise and 
in a miserable state, she was killed in extremis. No. d()48 faT'ed 
slightly better. She was a lij»liter milk ])rodvi(‘er and had a eom- 
jiaratively lon»* rest jieriod of liS4 days diirin*^’ which she shovfed 
^reat imjirovenient. In s])i<e of her belter elnujces this animal also 
bewail to lose weio*ht before ealvinjj', was ledneed to very poor (‘on- 
dition duT in^’ lari at ion, roiild hardly walk on arroiiiit of arnte styf- 
siekte (aphosphorosis), and died of shock following* dislocation of the 
liip in a fall, 10 days before the end of lactation. 

Both animals did ])()orly when compared with the control and 
developed clinically reco^^nizable stywesiekte, early in the ex])eri- 
ment. This condition lasted thronghout with iminovement during 
the rest period when the phosphorus intake was most probably not 
far short of the reciuirements of the animals. The amount of inor- 
ganic blood phos])horus (‘onfirms this view. It rovse after the first lacta- 
tion to a normal figure of over o mgm. per 100 c.c. until the 5 lb. 
maize in the basal ration were substituted by^ 5 lb. fanko in February, 
1982. After that })eriod the inorganic phosphorus dropped indicating 
aphos]diorosis which lasted iintil the end of the experiment. Further- 
more, Graph 11 also indicates that the animals in Experiment I 
most probably' did not feel the eife(*ts of the low phos])horus in the 
ration before the onset of first lactation. 

The values for calcium in the blood of these animals give no 
indication as to whether a calcinni deficiency existed. 

For a comparison of the intake and outgo of calcium and phos- 
phortts in the food on the one hand and in the milk on the other, 
reference must be made to Tables 111 and IV. 





TABLE III. 

Daily Mineral Intake in Feed and Output in Milk for First Lactation . 
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Daily Mineral Intake in Feed and Outgo in Milk for Second iMctation-, 
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From the above tables it is abundantly clear that 3641 was 
definitely sufferin^^ from a more acute phosphorus deficiency than 
3648. The former animal actually secreted daily in the milk almost 
exactly twice as much phosphorus as was contained in the food. No 
wonder, therefore, that 3041 could not stand Ihe conditions of the 
experiment at all. 

With reg’ard to calcium deficiency, the position was not much 
better, both animals leceiving- in the food only about half or less than 
half the calcium secreted in the milk. Both animals developed pica 
early in the experiment and uere ferocious earth eaters whenever the 
opportunity was offered. Unfortunately the animals developed sore 
feet on the concrete floor where they w^ere allowed to exercise, and 
had to be transferred to an adjoining- sandy paddock for short periods 
on several occasions. The sand in this paddock contained 2 per cent. 
(vaO and *0003 per cent. PjO^. Some of the phosphorus and calcium 
in the sand went to rectify the shortage of these two minerals, espe- 
cially the Ca in the rations. Fuitherinore, the animals were given 
tapwater whi<*h ensured an additional intake of CaO i)er day of 
•7 gm. The fact leinains, however, that a calcium deficiency, 
although not recognisable clinically, most probably existed in this 
experiment as well as a definite aphosphorosis. 

Table V gives the monthly milk yield of all the animals during 
both lactation periods in this experiment. Animal 3()41 showed 
remarkable drox)s in the suc(*essive monthly milk yields. This 
decrease w^as not noticed in the smaller production of 3648 or m 
the control. 


Figcre 1 



U% 

..... 


No. 3669. Normal. No. 3641. 

3jow P. Animal. Low Ca and Low P. 
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lleprocluction of X-ray photograpliH of selected bones of 3G41 
and of the control are ^iveii below and throw lij>lit npon the experi- 
mental condition from another an^le. For convenieiuje, bones of 
animal 3059 discussed in Experiment II have been included (see 
Fi^ 2 ^ures 1 and 2) and will be c‘onsidered alorijr with those of the 
control animal and of 3041. 


FicmiE 2. 



Normal. 

Animal. 


5 - 


No. 3641. 

Low Ca and Low P 
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* The normal tarsal and metatarsal bones show a dense and well- 
defined cortex, the outline of which is very sharply marked off from 
the medullary cavity. The medullary cavity is smaller than is the 
case in the experimental animal owing to the greater development of 
the compact tissue. The epiphysial trabeculae are well marked. 
The junction of the third and fourth metataivsal bones is shown 
by a dark line at both extremities, which disappears toward the middle 
third of the bone. The greater density of the tarsal bones is shown 
by the darker shade in the photograj)h. 

In the experimental animal these bones show a narrower and less 
dense cortex with a lack of definition in outline. The medullary 
cavity is larger and the spongy bone at the epiphysis not so dense. 
The tarsal bones also show a lighter shade in the photograph due to 
being less dense. 


The Os Calcanei. 

The (jontrast in density of the os (ialcanei in the control and 
experimental animals is very well illustrated in the photographs. 
The shadow in the bones of the control animal is mu(ih deeper. The 
cortex of the bones of the experimental animal is much more tians- 
parent and lacks a definite border line. 

The os calcanei is an excellent lone in which to demonstrate the 
difference in bone density. The darker shadow shown by the more 
dense bone of the control animal is quite apparent from the 
photograph. 


Experiment II. 

Lo7v Phosphorus hut adequate in Othe)' Respects, 


Ri story. 


No. of animal. 


Date experimental lation began beginning 


End of lactation. 


. No. 3659. 

No. 3645 

t 

(control, 

15.9.30 

29.10.30 

21.6.31 

19.7.31 

21.9.31 

19.10.31 

14.11.31 

14.12.31 

23.8.32 

25.9.32 

Died 4.10.32 

25.12.32 

(weakness 


and ex> 


posure). 



The basal ration was in complete agreement with that of 
Experiment I, ex(*ept that calcium carbonate was added to increase 
the daily intake of Ca to 47*1 gm. — The same as that of the control 
animal, Ho. 3645. The weight curves are given in Graph III. 
Graphic representations of the inorganic phosphorus content of the 
blood are given in Graph IV. 


* A descrir)tion of the radiograms was kindly given by J. Quinlan, 
F.R.C.V.S., D.V.Sc., etc. 
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A study of the (ii aphs 111 and IV given above reveals that in maii^’ 
ways the course of this experiment follows that of the fiist experiment 
very closely. An appreciable difference in weight between 3059 and 
Ihe conirol 3645 appeared only when the first lactation period began. 
The rest periods are about equally long and 3659 showed signs of 
improvement w^hich continued until shortly before the second calving, 
when the animal began to drop in weight; her condition, already 
very poor, became worse as she was a heavy milker. Styfsiekle 
developed early in the experiment and became w^orse during lactation. 
Just over a month after calving the animal, then in a miserable 
condition, was unable to rise and was unfortunately left exposed to 
wdnd and rain during the night w^hen she died. A post-mortem 
examination revealed a broken pelvis and several broken ribs. The 
bones were kept for pathological study at a later date. 

The monthly blood analyses for inorganic })hosphorus confirmed 
tlie observation made in regard to the weight curves. During ihe 
rest period the animal showed a normal value for blood ])hosi)horus 
wdiich rapidly dropped in February, 1932, wdien fanko was sub- 
stituted for maize as in Experiment I. Ijow inorganic ])bosphorus 
in the blood continued until the end of the experiment. 

The daily intake of minerals in the ration and output in the 
milk is represented in Tables III and IV. 

It is apparent from Table III that No. 3659 was actually 
secTcting more than twice the amount of phosphorus in her milk than 
she w’as getting in her food. No w’onder, therefore, that her milk 
production during the third month w^as markedly less than that of 
the first month (± 200 lb. less). The phosphorus deficiency in addi- 
tion to the protein shortage must have made the position almost un- 
bearable during lactation or perhajis protein shortage helped to limit 
milk |)roduction and in that way saved the anirhal from further 
depleting her system to supjdy the necessary phosphorus. At all 
events phosjihorus deficiency during lactation was an established 
fact. From Graph IV it is evident th^t phosphorus deficiency existed 
not only during lactation but also towards the end of the first gesta- 
tion period, and from February, 1932, when fanko was increased at 
the expense of maize, until the animaFs death. 

Calcium w^as abundantly present throughout, and blood calcium 
did not appear to be different from that of the control or from that 
of the animals in Experiment I. 

Complete data with regard to the mineral cjontent of the blood 
of the bovines for the full period of the investigations reported on 
in this paper will be found in the publication by Groenewald (1934). 
These analyvses are omitted from this article for reasons of economy 
and to obviate repetition. 

A (‘omparison of Experiments I and II leaves doubt as to what the 
effect of low’ calcium was in the former experiment. The history of 
animal No. 3641, a high producing cow\ in Experiment I on low’^ 
Ca and P, follows that of No, 3659, also a high producing cow on 
low phosphorus only, in Experiment II, pretty closely, both having 
stood the strain of the first lactation period with loss in weight, 
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development of acute Htyfsiekte and general setback. The strain of 
the second gestation period was too severe and both succumbed alx)ut 
a month after the birth of the second calf. A comparison of these 
two experiments with No. Ill will be made after discussion of the 
latter. hVu* the present it can only be said that the effects of a 
phosphorus deficiency on animal No. was as fatal as that of a 

phosphorus deficiency plus low calcium on No. ^1041 — two animals 
directly comparable as regards milk production. 


Expeiument III. 

Two paiis of heifers were included in this experiment, (A) one 
pair was placed on low calcium ,and high magnesium), while (B) the 
other pair received both lo^w calcium and low magnesium. The 
higher magnesium in A incidentally improved the Erdalkali-alkali- 
zitiit in Marek’s sense, while the magnesium was kept low in the 
other case, although hardly sufficiently so to be of any significance 
in an attempt to approach Becka’s idea (1929) of the good effect of 
magnesium upon calcium metabolism. Beference to Table II shows 
the intake of ('aO to be 6*8 gm. daily and MgO 21 *4 and 11*1 gm. 
respectively. 



DAYS. 


Graph V. — Weights of Animals in Pounds. 
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History, 


No. of animal 

No. 3843. 

No. 3655. 

No. 3641. 

No. 365). No. 3646. 

Bate experimental ration 
began, i.e, beginning first 
gestation 

2.9.31 

1.9.3C 

9.9.30 

28.8.30 

(control.) 

29.10.30 

Bate of calving 

27.5.31 

24.5.31 

2.6.31 

1.6.31 

19.7.31 

End of lactation 

27.8.31 

24.8.31 

2.9.31 

1.9.31 

19.10.31 

End of rest period, i.e. be- 
ginning second lactation 

18.12.31 

19.11.31 

13.11.31 

not 

14.12.31 

Bate of calving 

22.9.32 

25.8.32 

21.8.32 

pregnant 

25.9.32 

Bate of conclusion of experi- 
ment 

22.12.32 

26.11.32 

21.11.32 

15.12.32 

25.12.32 


A graphic represeniation of the weights of (A) the animals on 
low calcium only, viz., Nos. 3648 and 3655, and (B) the animals 
Nos. 3640 and 3650 on low calcium and low magnesium, are given 
in Graphs V and VI respectively. 



DAYS. 


Graph VI. — Weights of Animals in Pounds. 


Before comparing Graphs V and VI it must be noted that animal 
No. 3640 calved after the first gestation period, but dried off within 
a week. It is not surprising, therefore, that she remained in excellent 
condition until shortly before the end of the second gestation period 
when she began to lose weight. Still, after 3 months lactation, this 
animal finished almost on a par with the control, No. 3645. No. 
3650 felt the drain of lactation severely in 1931, but for the rest 
nothing very significant is apparent from the charts, except perhaps 
that the second lactation period gradually increased the difference 
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between No. 3050 and the control. The differences between No. 3()43 
and No. 3G55 ((xraph IV) are perhaps even less sif?nificant. It is 
true that these animals were lighter than the control, but such was 
the case practically from the beginning of the experiment, and only 
during the iwo lactation periods was the difference between the con- 
trol on the one hand and the experimental animals on the other 
made significant. It seems, therefore, ihat the low cahdum that 
existed in the rations of the animals in this experiment might have 
made itself felt in a longer lactation period but that for the rest of 
the experimental period it did not show significant effects upon the 
animals. 

It is im})Ossible to state definitely the effect of low or high 
magnesium upon ihe animals. Nos. 3043 and 3055 seem to have 
(lone slightly better on the whole, but generalizing would be dan- 
gerous without further proof. The effects of a calcium deficienc^y 
during buitation — the only time that such a deficiency was certain — 
undoubtedly masked the effect of magnesium. At all events whether 
high or low magnesium was present, the curves diverge during lac- 
tation, i.e. the period of acute Ca deficienc*y and show a tendemcy 
to converge gradually for the rest of the period. 

It would be interesting to glance at the milk production of these 
four animals given in Table V and also at the Tables III and TV 
giving the intake of minerals in the food and the outgo in the milk. 

rindoubtedly greater milk production by the four experimental 
animals made greater demands upon their systems than in the case 
of the (‘ontrol animal. Proof of this lies in the weight chart of 
No. 3(555 during the first lacdation period. She approacdied the con- 
trol more c losely than her mate but produ(*ed about the same quantity 
of milk as the control and well over 200 lb., i.e. more than 2 lb. 
a day less than her mate. Iluring the second lactation period when 
a protein supplement was given, and incidentally the (alcium intake 
more than doubled, although it remained still definitely IcvSS than 
the output in the milk, the differences of the eff’eci of lactation upon 
the weight curve in the cuvse of No. 3(550 and No. 3(540 was even less 
marked. No. 3040 produced about the same quantity of milk as 
the control and No. 3050 just over 2 lb. a day juore. Both Nos. 
3(555 and 3(543 had difficulty at calving the second time, went oft' 
their feed and were reported sic k for several days. This additional 
setbac'k must be borne in mind when the weight (‘urves are studied. 

That longer lactation periods would have made themselves felt 
and w’ould have had marked effects upon the weights of the ex])eri- 
mental animals, but that, for the rest of the exi)erimental period, 
the low^ calcium in the ration had doubtful effects upon the animals, 
seems to be suggested by the weight charts of the animals and by a 
consideration of the intake and outgo of minerals during lactation. 
This is apparently a justifiable conclusion. Furthermore it is w^ell 
to remember that soil eating could not be entirely eliminated from 
this experiment, and that the intake of calcium was, therefore, 
slightly more than that stated in Table II. 

The results of the blood analyses for Ca and Mg of Nos. 3(543, 
3(555 and 3645 and of Nos. 3640, 3650 and 3645 do not reveal any- 
thing signifi(*>ant. 
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Both calcium and magnesium remained remarkably constant 
throughout the experimental period. Apparently the calcium in the 
food was not sufficiently low to produce an effect upon blood calcium, 
while it is doubtful whether a daily intake of 11*1 gm. MgO could 
be regarded as insufficient for the requirements of cattle. In any 
case, the magnesium level of ihe blood remained remarkably constant 
throughout, 

A comparison of the experiments so far considered, viz. low 
calcium with higli and low magnesium respectively; low calcium and 
low |)hosphorus ; and low phosphorus, is necessary at the present 
stage, and brings io light several salient factors. 

It is difficult to see what role low cah'ium played in these exjieri- 
ments. The effects of low calcium and low phosphorus were not 
more detrimenial to the animal than those of low pliospliorus alone. 
The demand for phosphorus during milk production was higher than 
that for calcium and apparently the animals in the low (calcium 
groups were able to meet that demand without serious loss of condi- 
tion, while that in the phosphorus low group died indirectly of 
aphosphorosis. It seems that 11*1 gm. MgO were enough to meet 
tlie demands of the animals for that mineral. It is realized that 
the figure giving the intake of cahium in Tables II, III and l^" 
is probably slightly lower than the atdual intake; still it is thought 
that a serious calcium deficiency would be difficult to bring about 
except during lactation. 

Practical aspects of this work u])on low calcium and low phos- 
])horus will be considered furtlier on in the text. 

Kxberiment IV. 

Ralioit low in all minerals ea'cept P and Ca. 


H i story. 


No. of animal 

Date of exficnmental ration began, i.e. 

No. 3(>42. 

t 

No. 3649. 

No. 3645 
(control). 

beginning first gestation 

15.9.30 

21.8.30 

29.K>.:«I 

Date of calving 

io.e.31 

12. .5. 31 

19.7.31 

End of lactation 

End of rest jjeriod, i.e. beginning second 

10.9.31 

12.8.31 

19.10.31 

lactation 

6.11.31 

20.11.31 

14.12.31 

Date of calving 

16.8.32 

25.8.32 

25.9.32 

Date of concUiRion of experinjeiit 

16.11.32 

25.11,32 

25.12.32 

Reference to Table II shows that the intake 

of miner 

als for the 


greater part of the experiment was as follows: — CaO 47 1 gm., 
MgO 11 1 gm., K^O 29-8 gm., JNTagO 5-7 gm., PoOr, 45 ] gm., Cl 
()*7 gm., SO 3 12*9 gm. Tlie ration is potentially alkaline witli a 
decidedly positive earth-alkali-alkalinity. 

The weight charts of the animals in this experiment, viz. Nos. 
'%42 and tU)49 are given in Graph VII together with that of 
No. 3045. 

Both these experimental animals were lighter at the beginning 
of the exj)eriment than the control and both showed very remarkable 
drops in weight during the first lactation period, although they had 
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(iiiAj*!! VII. — Weights of AiiiinuLs in roiuuls. 


ko])t coiidilion (luite well up to the time of calving*. Afler that they 
remained in very poor condition tliroughoiit the experiment, were 
])oor at calviiif^' and could ill aiford a further drop in weif»‘ht. They 
showed poor appetites for the first time during’ the first lactation 
period and re])eated this behaviour duriiif? the second lactation 
jieriod. On an average each (‘onsumed daily a lb. of the nmize-fanko 
mixture less during' both lactation periods than she did otherwise 
or than the control animal did. Food was rcfuseil eratic.ally, all or 
practically all the food beino- refused approximately once a week 
durint^’ lactation. Apart from their poor condition the animals 
appeared listless most of the time and were rejunted stiff on several 
oc(‘asions. 

The animals showed a decided improvement during the rest 
])eriod, hut it seems that gestation heavily taxed their j)owers of 
endurance, and that a change for the worse set in before the end of 
H'estation. A second lac tation period was jirst about as much as the 
animals could stand, althongli it must be noted that they r?ra dually 
increased in weif^ht towards the end of lacdation, of which more 
anon. 

}h)th animals produced ai)proxi mutely as mindi milk as the 
control as shown in Table V. 

It is noteworthy that the milk flow rapidly decreased in both 
cases during the first lactation period, the animals piviuj^* only about 
a third of the first months' milk during: the last month. As a matter 
of fact, the reason why it was decided to discontinue milking after 
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3 months in all the gT^oiips, was because Nos. 3642 and 3649 had 
practically ceased to produce milk at the end of that period and 
were very rapidly drying off. In both cases less than 2 lb. milk per 
day were produced during the last week against 24 lb. in the begin- 
ning. This is also the probable reason for the slight increase in 
weight during the latter part of the first lactation jjeriod. During 
the second lactation period milk production continued steadily for 
the full period and a glance at Tables III and IV giving tJie intake 
of minerals and their secretion in the milk, supplies the reason for 
the difference in this respect between first and second lactation. 

Table III refers to the first lactation period when the animals 
were on a protein deficien(*y as well as a deficiency of certain minerals. 
Magnesium again, may probably be ruled out as the intake was 21*4 
gm. and only 1*3 gin. secreted in the milk. It is ditficult to state any- 
thing definite about potassium at this stage. The daily intakes of 
sodium and chlorine during the first lactation })eriod were 5*7 and 
6*7 gm. respectively, while the quantities secreied in the milk were 
respeelively 4 8 and 6*6 gm. Both elements were dangerously low 
in the food and could not have met the demands of the animals for 
these minerals for both milk production and oiher requirements. 
Keferring to Table IV it is seen that the position with regard to 
the intake of minerals had improved greatly. Magnesium and 
potassium with no or in any case only doubtful deficiency dining the 
first lactation ])eriod is more or less unchanged but more than twice 
the sodium contained in the milk was supplied in the food while the 
(diaiige was not quite so favourable as regards chlorine. 

However, the effect of an all round better su])ply of minerals 
during the second lactation period is reflected in, the weight curves, 
the animals showing only a small initial droj) due to milk production 
and actually increasing in weight during lactation. One is forced 
to conclude that with protein sufficiency the intake of minerals in 
the case of Nos. 3642 and 2649 was enough to justify a better level 
of nutrition than that which existed when the animals calved. Hen(*e 
an increase in weight soon set in. The milk production was on a 
par with that of the control. Bearing in mind the marked and 
rapid decrease in milk production during the first lactation period 
and the fact that protein defi(*iency did not have as marked an effect 
on milk production in any of the other groups, one is forced to tlie 
(‘oncdusion that the low’ intake of minerals other than calcium and 
phosphojus w’as rapidly felt and effected a decrease in milk w’hich 
ensured a more favourable belance of intake over outgo during the 
last month of lactation than during the first. 

Two points stand out clearly. A deficiency in minerals other 
than phosphorus or calcium is not easily brought about as shown 
by the second lactation period when the intake was not very greatly 
in excess of the mineral content of the milk, but still milk produc- 
tion continued normally and the animals w^ere gaining weight, i.e. 
the mineral intake supplied the demand for milk production and 
other physiological requirements. When such a defim’ency is effected, 
how’ever, as for instance during first lactation, milk flow’ is rapidly 
decreased and one is led to presume that the body reserves of these 
minerals are not extensive and are rapidly exhausted. 
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There can be no doubt, however, that animals Nos. 3642 and 
3649 were adversely affected by the conditions of the experiment. 
Both compared unfavourably throughout the experiment with the 
control. Not only were they lighter in wei^^ht, but to ihe eye they 
were poorer in condition, listless, had a rouf^^b coat, and appeared 
abnormal. That either sodium or chlorine or both contributed their 
share to the detrimental effects of the rations, seems safe to assume, 
but it is doubtful whether these were the only o])eratinR‘ factors. 
When the next ex])eriment is considered this point will be referred 
to a^ain. 

There are no outstanding i)oints in the results of the blood 
analyses. As could be anticipated blood phosphorus indicates suffi- 
(‘ieiK'.y throughout the experiment. Apparently the levels of the 
other minerals in the blood are not appreciably affected by the pro- 
portions of the minerals prewsenl in the rations of the animals under 
discussion. The high potassium value in the Idood of No. 3642 was 
noticed right froin the beginning of the experiment and it remained 
so throughout. 


Experiment. V. 

/{atian loir in Sodivni and Chhtrine hut adequate in Other l^cs/iects. 


History, 


No. of animal 

No. ;je5i. 

No. 3646. 

No. 3645 

Date cxperinuMifal ration >•(*. 

bocinning tir«t lactation 

9.a.:5u 

21.8.30 

(contiol). 

29.10.30 

Date of calvinjf 

4.6.:d 

21 .5.31 

19.7.31 

End of lactation 

4.1).:d 

21 .8.31 

19.10.31 

End of lost pciiod, i.o. bejjinning stcond 
lactation 

not 

died 

14.12.31 

Date of calving 

pi egnant. 

18.12.31 

(impact). 

25.9.32 

Date of concluKion of experiment 


— 

25.12.32 


Until May, 1932, the daily intake of Na and chlorine was 5*7 
and 6*7 gm. respectively, whereas the other minerals were present in 
adecjuate (juantities as in case of the control. 

(xraph VIII gives charts of the weights of animals Nos. 3651 
and 3()46 on a diet low in sodium and chlorine compared with the 
weight curve of the control No. 3(i4e5. 

A glance at (iraph VIII reveals the faid that comparisons (‘an 
be made only until the end of the rest period. Une of the experi- 
mental animals then died while the other did not conceive and 
therefore had no second calf. The weight curves of Nos. 3646 and 
3651 suggest that detrimental effects of the experimental ration began 
to show about a month and a half before calving. The one animal 
actually dropped in weight while ihe other remained constant. Lac- 
tation ac(^e]erated the weight loss and it would be well therefore to 
glance at the milk production given in 35(ble V at this stage. 

Both the experimental animals started salivating excessively 
about 6 months after the beginning of the experiment, i.e. approxi- 
mately three months before calving (9.2.31). This condition was 
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DAYS. 

Graph VIII. — Weif»hts of Animals in Pounds. 


most noticeable during- the hot hours of the day when saliva would 
be running freely for hours at a stretch, while breathing took the 
foiTii of short, quick movements. In the (‘ase of animal No. df)4() 
this condition lasted at intervals of several days until the animal 
was removed to hospital on 30.11.31. At that stage the animal 
ceased eating and defecTiting, although up to that time she had not 
refused any of her food on a single occasion. The animal became 
worse, w^as given a purgative, without effect, and died 11 days after- 
wards of impaction of the omasum. This animal was a good milker 
and produced several hundred pounds milk more lhan either her 
companion or the control. 

No. 3651 also began ^salivating profusely approximately 0 months 
after the beginning of the experiment. This condition was never 
so acute as in the case of No. 3646, and di8ai)})eared completely at 
the end of lactation. This animal did not conceive a second time 
«yid was discharged from the experiment towards the end of 1932 
in prime condition. 

There seems little doubt from the figures given in Table III, 
however, that these two animals suffered from a sodium chloride 
deficieiK'.y during lactation, if it is remembered that No. 3646 was 
actually secreting more sodium and chlorine in her milk than she 
was getting in her feed, while No. 3651 w*as secreting only just a 
little less. It is surprising that the effects of a sodium (‘hloride defi- 
ciency were not more noticeable for, apart from profuse salivation 
and abnormal respiration, the one animal, at all events, behaved 
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normally, while it in uncertain in how far the death of the other 
animal can he aHKociated with the deficient diet. At all events this 
experiment is indicative of interestinjj^ results when working with 
rations very low in sodium and chlorine, while the possibility of 
such deficiency during periods of poor feeding, as for inslam^e during 
droughts, should he kepi in mind. This point will again he con- 
sidered under a general discussion of the significance of mineral 
deficiencies. A comparison of (xraph IX giving the weights of 
animals on a ration taken to he low in all minerals exce])t (^i and P, 
witli (Iraph X, leaves doubt about the ultimate effect of low Na 
and (^1 in the ration. Na and 01 deficiency undoubtedly existed 
during lactation, hut not with the same detrimental effecd as in the 
last exi)e]‘iinent , although the milk production of No. decreased 

lapidly, it is true. However, the j)oint remains that api)arently the 
bad effects of the experimental conditions in Experiment IT were 
not due to Na and (!1 deficiency only or alternately other conditions 
in Experiment V, e.g. abundant K, partly masked the effects of low’ 
Na and 01. It seems necessary to elucidate this point by cf)ndiicting 
an experiment with cattle on low Na and (^1 with low K and high K, 
respectively. 

The blood analysiM for sodium was without significance, the experi- 
mental iinimal sliowiiig figures that were no higher than those {)f the 
control. In tlie case ot cliloriiie, es])ecially during the period of a<'ute 
deficien(\v, i.e. during the latter ]K)rtion of the first gestation period 
and the whole of the lactation ])eriod a decoded drop was shown as 
(iraph IX suggests. It seems that low c hlorine in the ration i\iight 
he reflec’ted as low chlorine in the blood. Sucli a condition seems 
natural if it is remembered iliat a lou chlorine intake results in 
decreased elimination <if cdiloriiie via the kidneys — a condition 
])rohah1y assocdiited uith a lower chlorine level in the blood. 


Expkuiment VI. 

loir fH (^'hhnnnc hiti (uleqtidte Iff Other j^espeefs. 


11 fstfuy. 


No. of animal 

Dat/C t'xperiinc'iital ration l)C‘>i:an, i e. 

No. .miS. 

No. 3675. 

No. 3645 
(control), 

of tirat trostation 

.s.«.3n 

12.8.30 

29.10.30 

Date* of calving 

7.6.31 

12.5.31 

19.7.31 

Knd of lactation 

KikI of lost periixl, i.e. beginning of 

7.9.31 

12.8.31 

19.10.31 

second gestation 

. — 

9.1.32 

U. 12.31 

Date of calving 

— 

11.10.32 

25.9.32 

Date of coneliision of ex^ieiinient 

dietl 

19.K.32 

(T.l?.) 

died 

29.10.32 
(pt^i itonitis.) 

31,12.32 


The daily c hlorine intake was G T gm. against 57*4 gm. in case of 
the control. 

The weight curves of the expeiimental animals Nos. .‘1058 and 
3075 together with that of the control are given in (xraph IX. 

591 



STUDIES IN MINERAL METABOLISM XXXI. 



Guapii IX. — Weight of Animals in Pounds. 


The milk production of the two experimental animals and of 
the control is given in Table V, while the intake of minerals and 
the outgo in the milk are given in Tables III and IV. 

Both experimental animals actually secreted more chlorine in 
their milk during the first lactation period than that cordained in 
the food — a condition whi(*h must have affected the animals adversely. 
It is also noticed, however, that the experimental animals were 
heavier milkers than the control, each having produced at least d lb. 
of milk more daily. These two groups, viz. chlorine deficiency and 
heavy milk production, must be borne in mind when viewing the 
greater decrease in weight of Xos. f%58 and 8075 during lactation 
than of No. 3645. Unfortunately both animals lived only for a 
short while after calving, the second time; No. 3075 died of peritonitis 
after puncture of the uterus, while No. 3058 had to be destroyed on 
account of tuberculosis infection. 8till the fact remains that, apart 
from lactation when, with greater secretion of chlorine in the milk 
than the intake of this constituent in the food, it is doubted how far 
the low (hlorine of the ration had any bearing upon the course of 
the experiment. The rate of increase of weight of Nos. 3675 and 
3658 agrees closely with that of the CK)ntrol, although the latter was 
and remained a heavier animal than No. 3675. No clinical symptoms 
were noticed in either animal during the experiment, food consump- 
tion was normal, and the animals behaved normally in all respects. 

The results of the blood analyses for chlorine seem to (*>onfinn 
the findings in regard to the chlorine level of the blood made In the 
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last experiment, viz., that low chlorine in the ration is associated 
with low chlorine in the blood. 

Summarizing the details of this experiment, it cannot be said 
that low chlorine, such as it was, affected the animals very adversely. 
Growth was satisfactory except during lactation. The average daily 
milk production showed a greater loss of Cl in the milk than that 
(contained in the food, but both animals produced only about 12 lb. 
milk daily during the latter part of lactation, or in other words, 
less chlorine was secreted than was actually contained in the food. 
Apparently even a very low Cl intake did not have a marked effe(‘t 
upon the animals in this experiment taken generally. 

Expewimknt VIT. 

Ration tmv in Na hvt adequate in Other Respects, 

History. 

No. of animal No. 3672 

J)ato cxixjrimental ration hejran, i.e. 

beginning of first gestation 26.8.30 

Date of calving 10.6.31 

End of lactation 10.8.31 

End of rest |>eriod, i.e. beginning of 

.se(’ond gestation 13.11.31 

Date of caK'ing — 

Date of conclusion of e\])tTiment discharged 

16.5.32 

(i.B.) 



DAYS. 

X. — "Weiffht of Animals in Pounds. 


No. 3653. 

No. 3645 
(contr ol). 

26.8.30 

29.10.30 

24.5.31 

19.7.31 

24.S.31 

19.10.31 

8.11.31 

14.12.31 

18.8.32 

25.9.32 

30.11.32 

31.12.32 


8 
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The Na intake of the two bovines No. 3672 and No. 3652 was. 
5*7 gm, as compared with 18*9 gm. in case of tht* contiol. 

The weights of animal No. 3653 is given in Graph X. 

As animal No. 3672 was severely infected with tiibercailosis, 
and showed many lesions on the posi -mortem table, she will not be 
considered in the discussion of this experiment. 

The milk production is given in Table V, while details of the 
difference between the intake of sodium and outgo in the milk are 
given in Tables III and IV. 

It is evident that No. 3()53 was a jniuh heavier milker than the 
control, having produced during the first lai tation ])eiiod 2,127 lb. 
milk as against 1,446 lb. by the control. Fiutheimore, the outgo of 
sodium in the milk during lactation was definitely greater than the 
intake in the food. However, during both the first gestation and 
poition of the second gestation j)eriods the animal did well, incieasing 
in weight. Tow’ards the end of the second gestation period, however. 
No. 3653 began to lose weight, wdiicdi (‘ontinued until alter calving. 

Considering the greater milk production of No. 3653 when com- 
pared with No. 3645, it is difficult to gauge the eff'ecd of low* sodium 
in the ration. During lactaticm low’ sodium undoubtedl 3 ’ had some 
effect upon the animal as the excess of outgo ovei intake had to be 
provided for from the body reserves. The animal went off her feed 
on several occasions, appeared listless and lay down most of the time 
about a month before giving birth to her first calf. During tin* 
secjond gestation period she ate well and apj)eared noiinal throughout. 
It does seem probable, however, that towards the end of gestation 
the sodium deficiency began to be felt , if weight decrease is a criterion 
at all. 

The blood analyses for sodium shows no outstanding difference 
between the sodium level in the blood of the control comi)ared witli 
that of the experimental animal. 

The 7 )ra(‘tical significance of low sodium in the diet of growing 
bovines is doubtful. Whether it is possible to ol)tuiii a ration suHi- 
(‘iently Ioav in sodium to make itself felt, is also doubtful, exc(‘pt 
during lactation. It is remarkable that a ration containing only 
5*7 gm. sodium daily (u>uld produ(*e a normal iiUTease in wT'ight 
until lactation, and again aftervvaids, wdieii lactation ceuvsed, w’ithout 
causing more devastating effects than ap])eared in bovine No. 3653 
in the ex])eriment under review*. However, it is to he admitted that 
the (*ourse of the experiment w’as not quite normal. Milk production 
was reduced during the first lactation j)eriod fiom 33 Jb. daily during 
the first month to alxnit 15 lb., whicdi, incidentally, meant that 
during the latter part of lactation slightly more sodium w’as contained 
in the food than in the milk. On the other hand, the converse was 
the (*ase for the first tw*o months of lactation, and the animal lost 
heaA'ily in w’eight. The second gestation period was not uneventful 
and the drop in weight towards the end show^s that the strain of 
gestation began to he felt. During the second lactation period, 
how’ever, the animal showed almost coinjilete recnperfition , at all 
events a great improvement, and a glance at Table IV reveals that 
the sodium intake w^as about 14 times the quantity secreted in the 
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milk. Milk production was very high — the highest of ail the animals 
— hut in spile of this the animal actually gained in weight. It 
apx)ears that, although 5*7 gin. NaoO was insufficient for the require- 
ments of a 2-gallon cow during lactation and during the latter part 
of gestation, loo gm. was definitely enough for a 8-gallon cow. 


Expeiument VIII. 


Ration low in K, hvi adequate in Other 

Hi story. 

Respects. 


No. ot animal 

Date ex{x»ri mental ration began, i.o. 

No. 3()56. 

No. 3673. 

No. 3645 
(control). 

beginning of first gestation 

19.8.30 

29.8.39 

29.10.3< 

Date of calving 

8.5.31 

5.6.31 

19.7.31 

End of lactation 

End ot rest period, i.e. beginning of 

Died 

1.5.31 

(metritis) 

5.9.31 

19.10.31 

second gestation 

— 

29. 4.. 32 

14.12.31 

Date of calving 

- 

6.2.33 

25.9.32 

Date of conclusion of expennunt.. .. 

— 

6.5.33 

25.9.32 


From Table II it is e\ident that the daily ])otassium intake was 
approximately 80 gm. while tlie rest ot the minerals contained in 
the ration was the vsame as those of the control animal No. 8645. 



DAYS. 


(jkaph XI. — Weight of Animals in Pounds. 

595 




STUDIES IN MlNEllAL METABOLISM XXXI. 


The weight (iurves of No. 3656 aiul 3673 together with that 
of the control are given in Graph XI. 

One of the experimental animals, viz. No. 3656, died of metritis 
21 days after giving birth to a calf, while No. 3673 lusted the full 
period of the exi)erimerit, but with the longest rest period, viz., 247, 
days. This animal showed an appreciable drop in weight during the 
first lacdation period, but improved in condition immediately after- 
wards until the second lactation began. Taking the weight curve as 
a wliole, the only outstanding point is the great loss of weight during 
the first lactation period. After (salving this animal suffered from 
mastitis, was removed to and treated in hospital for a considerable 
time. Hence it is difficult to judge the cause of the drop in weight 
correctly with three complicated factors, viz. low potassium, low 
protein and mastitis. During the second lactation, when the first 
two factors w^ere absent, the response of the animal ^^as quite normal 
compared with the control. At all events it appears tViat there was 
no deficieiKiy present. 

A glance at Tables III and IV, giving the intake in the food 
and the outgo in the milk of potassium during both lactation periods, 
and at Table V, giving milk production, confirms the tentative 
suggestion made by the weight curve, viz. that low^ potassium w'as 
probably not a serious factor to contend wulli in this experiment. 
Only about half of the potassium content of the food during both 
lactations was secreted in the milk. While a definite conclusion as 
regards the sufficiency or otherwise of potassium in the ration of the 
experiment under discussion cannot be drawn, there is no presentable 
proof for believing that potassium w^as deficient. 

On the whole the potassium level of the blood of No. 3673 is 
slightly higher than those of the control. Whether these high values 
are significant, it is difficult to say, for the normal varialion of K in 
blood is considerable. This point *ahont the relation l)etvveen the 
potassium in the food and that in the blood mnsl l)e left in abeyan(‘e 
until more information is forthcoming. 


ExprmiMENT IX. 

Suffi^ciency of all Minerah pins a Supplement of Potassitnn Iodide. 


History, 


No. of animal 

Bate experimental ration began, i.e. 

No. 3677. , 

No. 3652. 

No. 3646 
(control). 

beginning of first gestation 

3.9.30 

2.0.30 

29.10.30 

Date of calving 

2.6.31 

2.6.31 

19.7.31 

End of lactation 

End of rest period, i.e. beginning of 

2.0.31 

2.0.31 

19.10.31 

second gestation 

12.12.31 

11.12.31 

14,12.31 

Bate of calving 

19.9.32 

10.9.32 

25.9.32 

Bate of conclusion of experiment 

19.12.32 

died 

18.9.32 

(peritonitis 

and 

metritis) 

26.12.32 
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The two aniiualB Nos. 3G52 and 3077 in this experiment were 
on the same raiion as the control, but received in addition a supple- 
ment of ()•] nin. KI daily. Both animals remained normal, and ate 
well. One was dischar^»*ed towards the end of the experiment as a 
suspicious case of tuljerculosis, while the other ^ave birth to twins, 
retained her afterbirth and died of metritis 28 days afterwards. 

The weight curves of the animals in this experiment are given 
below in Graph XII together with that of the control No. 3645. 



DAYS. 

G a API I XI I.- -Weight of Animals in Pounds. 


Neither from daily observations of the animals nor from the 
weight curves were any beneficial etfects of potassium iodide admini- 
stiation noticeable. The experimental animals were not as heavy as 
(lie control, but the rate of increase or decieUvse uus never markedly 
different. The milk ])roductiou is given in Table V. 

The milk production of the experimental animals was approxi- 
mately the same as that of the (ontrol. Both lost more weight 
during lactation than the control, but at the beginning of the second 
gestation period the diflFerence in weight of the experimental animals 
compared with that of the control was about the vsame as at the 
beginning of lactation, and remained jiractically so until the end 
of the experiment. 

No marked beneficial effects of the iodine in the ration were 
noticed, nor can it be said that the iodine showed harmful effe(;ts. 
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The milk of both experimental cows contained, as was anticipated 
and has often been shown (Crichton, 1930), considerably more iodine 
than that of the control. The following* fig‘ures g*ive an indication 
of the results obtained. 

Iodine in daily milk of No. 3677 varied from 39 to 99 y per 
100 C.C., while that in the milk of No. 3045 receiving* no KI in its 
feed showed an average value of 7*2 y (5 6-9*2). 

No practical benefit of iodine feeding has been observed in this 
experiment. Perhaps a larger experiment carried out under field 
conditions to make differences in milk, production, reproduction, 
keeping conditions, etc., significant, would be a fairer test of the 
beneficial effect or otherwise of iodine feeding than the one reimrted 
on here. 


V. GENERAL DISCUSSION OF EXPERIMENTS AND 
COMPARISON OF THE RESULTS OBTAINED. 

It is undoubtedly difficult to assign correc^t values to the role 
of the respe(‘tive minerals in nutrition, in the light of the results of 
the foregoing experiments. A number of salient points have been 
brought out by this investigation, however, and it is proposed to 
deal in this discussion with such factors and to compare the results 
of the experiments in a general way. 

On the whole the results of individual experiments, with few 
exceptions, have been neither decidedly positive nor negative. This 
fact is most reinarkahle if Table TI, on page 570, be looked at care- 
fully. The table reveals the fact often i*ei)eated in this report that, 
with the single ex(*ei)tiou of magAesium, the intake of the minerals 
intended to be deficient in any particular experiment, was remarkably 
low. As a matter of fact, the intake was so low that, with the current 
con(‘eption that only a small proportion of minerals present in an 
ordinary ration (Crichton states 15-20 per (‘ent.) is absorbed, it is 
remarkable that the animals could ])ioduce milk at all. In most 
cases they required daily approximately as much, and in several 
cases more, of the particular mineral (Ca, P, Na, K. and Cl) than 
the ration contained of that paiii(‘u1ar const ituent. Yet milk pro- 
duction (‘.oniinued under those conditions for 90 days, with, it is 
true, in some ('ases bad effects upon the animal, but no fatal effects 
except in the phosphorus deficient group or complete cessation of milk 
flow except ])erliap8 in Nos. 3042 and 3649, when an attempt was made 
to make all minerals, exciept Ca and P, as low as possible. Drastic* 
effects of the mineral intakes during lactation upon the animals would 
be antic ipated from the fact that in all cases except magnesium, the 
total daily intake of a paiticular mineral was hardly different from 
that secreted in the milk during the same jieriod apart from other 
physiological requirements of the animals. 

At this stage it is necessary to study Tables 111, IV and V 
carefully. 
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TABLE V. 

Monthly Mill' Yiekl in Pounds. 


D.O.B. 

N[o. 

First Lactation, 

1931. 



Second Lactation, 1932. 

(4roiip. 


Month. 


Average 
per day 
in 1b. 

Month. 

Average 
per day 
in Ih. 

1st. 

! 

2nd. 

3rd. 

ut. i 
1 

2nd. 

3rd. 

3a U 

1. Low Oa and P 

733-7 

6.54-1 

469-5 

21 



_ 


3H4S 


452-3 

438-6 

439-7 

15 



— ■ 

— 

365a 

IT. Low P 

770-6 

676-2 

577-3 


817-6 

- 

— 

— 

3643 


654-4 

583 • 3 

.505-4 

19 

771-7 

703 2 

652 - 6 

24 

3655 


542-7 

505 0 

4.58-2 

17 

798-1 

845-7 

790-1 

27 

3640 

lllu. Loav (-a 



_ 



672-9 

738-4 

661 -7 

23 

3t)5() 

J.<ow 

621 -0 

682-6 

526-2 

20 

8.58 -1 

766-9 

736-1 

26 

.3642 

IV. All min. low except 

714-S 

i 419-1 

210 7 

15 

719-7 

692-0 

617-3 

22 

3640 

Ca and T*. 

663-5 

; 470-3 

2.54 ) ! 

15 

7.30-9 

660-4 

6.59-6 

23 

.3651 

V. Low NaCl 

554 4 

j 426 -5 1 

1 

, 306-9 , 

14 





___ 

.3646 


684-4 

! 669-6 

556 3 

! 



__ 

— 

:j'i58 

VI. Low n 

703-2 

649-7 

! 492-1 

' 20 

1 '487-8 





3675 


715-5 

.557 3 

483-0 

1 19 


-- 

— 

— 

3653 

\’II IjOW Xa 

loio-u 

j 645-3 

470-8 

' 22 

! 933-8 

929-2 

853*7 

30 

3* 156 

; \dll. Low' K 


1 



! - 

i __ 

— 

— 

— 

3 >73 

1 

536-1 

! 492 9 

271 '9 

! 14 

] 

1 

-- 


-- 

36)77 

i IX. All jnin. sufiiciency 

i 465-4 

634 6 

482-2 

16 

1 

j 601 -4 

41.3-0 

488-0 

17 

3652 

1 1- Kl 

! 512 5 

1 

428 • 8 

.382-1 

15 

1 

— 

__ 

1 

3645 

1 X. All min. siifliriciK 

1 

1 500 4 

j 498-5 

1 447-3 

1 16 

1 746-1 

698-7 

611 2 

1 2a 


' . _ 

■ 



J 



1 

1 



1 _ 


{ o ) Xa, K, Ce anj) Mg. 

Ojniiiin‘»’ ralriuiii and x)lH>s|)liorus foi ilia iruie bemft- and ina»- 
iiesiinn aiiiiiely, as it saoins very iin]>r()l)al)le that tin* ^d^ecth of 
“low " inn^iiesiiiiu were felt at any time, sodium, cdiloiine and 
potassium are left to Ik‘ dealt with, rndoiihtedly a defi^*ieii(‘> of 
sodium and of ehloiine existed during* the tlist part ot the first 
laeiation jieriod. The result invaiiahly was that milk jnoduction 
decreased until the (luantity of the mineral secreted in the milk was 
definitely less than that contained in the food, althou^di usually not 
mucJi less. Durinj^* the second lactation period the intake was alwuNs 
moie than tht' milk cojiteni of any one of tl»ese three constituents, w ith 
the result that the lactatin<»* animals w'hi(*h lasted tlie full ])erio(l, 
actually show^ed improvement in condition, or as in the case ot 
the K low animal, whii^h was in excellent condition at calvin^\ 
show^ed no abnormal effect. 
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If ExperiiBentH V, VI, VllI and IX be reviewed, several points 
stand out which are worth recording: Animals Nos. d042 and 3G49, 
on a ration coniainiug about 30 gm. K 3 O, 5*8 gm. NaaO, 7*3 gin. 
Cl for 20 months which included two gestation periods and one lac- 
tation, remained in very poor condition throughout the experiment 
and could easily be selected at any stage as the poorest group. The 
combined eifect of low Na, K and Cl in the ration affected the animals 
adversely and resulted in permanent loss of condition and jmcr 
appetite. During* the second lactation, when these animals never 
produced less than 2 gallons milk daily, they actually improved in 
condition and gained in weight on a ration containing 30 gm. KgO, 
15 '5 NagD, 13-8 gm. Cl, while the secretion of these minerals in 
their milk was as follow\s : K^O 24 gm.; NagO 7 gm. ; Cl 10 gm. 
Animal No. 3053 on a sodium low ration fared similarly. 5 8 gm. 
NaaO during the first 2 months of the experiment with its two 
gestation and one 90-day lactation periods, was apparently insufficient 
to meet the demands of tlie animal, but when this quantity was 
in(*reased to 15*5 gm. Naat) during second lactation, llie animal 
easily stood the strain of producing over 3 gallons of milk daily. 
It must be noted that tlie daily milk contained 9 (> gm. Na.,(). In 
other words, No. 3052 secreted two-thirds of the total intake of 
sodium in her milk for 90 days wdthout aj)])arent ill ett'ecds u]k>ii Jier 
system. Cow^ No. 3(>73 receiving daily about 30 gm. KoO during 
the first 20 months of the experiment with two gestation peiiods, <ine 
lactation period, during 50 days of wdiich this animal suffered severely 
from mastitis wdiich W’as followed by u long* rest period, apparently 
did not suffer from a potassium deficiency. During second lactation, 
when this animal gave over 2 gallons of milk daily, containing 22 
gm. K 2 O, she remained in good condition throughout, and w^as 
apparently not abnormally affected by lactation. The conclusion 
seems justified that No. 3073 required during grow th and pregnancy 
less than 30 gm. KoO daily, w’hile during a 90-day lactation pe 7 *iod 
of over 2 gallons daily, 38 gm. KjO were ample in spite of 22 gm. 
KjO actually being secreted in the milk. Fn fortunately no further 
light is thrown on the role of chlorine, as the remaining animal in 
the ex])eriment after the first lactation period did not become preg- 
nant. Tentatively it may be stated, in the absence of further data, 
that 7 gun. chlorine in the daily ration apj)ear 8 to have been on 
the l(>w* side during first gestation, when thi‘ animals were still actively 
growing, wucs definitely deficient during lactation, secretion in milk 
being greater than intake, but cannot be said to have had further 
ill effects. Judging from the effects of low' sodium in the ration, 
one would be inclined to believe that during lactation at least one 
and a third times the amount of chlorine contained in the milk should 
be supplied in the food. Passing to the animals Nos. 3640 and 3651 
on low sodium chloride it is perhaps strange that these animals did 
well on the w'hole in spite of having in addition to low^ sodium, with 
its detrimental effects upon No. 3653, also low chlorine. The only 
difference between the rations of No. 3053 on the one hand and Nos. 
3646 and 3051 on the other is, that the ration of No. 3053 was poten- 
tially more acid, due to the presence of chlorine. The additional 
potential acidity was equivalent to 1020 c.c. normal solution, but 
from the available data it is impossible to judge this effect at all 
correctly. It can only be said that low sodium was detrimental, 
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whereas low sorlium in addition to low chlorine was not; and thirdly 
that low sodium, low chlorine, low polassiiim a^aiii produced detri- 
mental effects. It appears that Ihe relatiou of these three constituents 
to one another is important and need further consideration. 

Applying’ the information gained in these experimeiils with 
regard to low K, Na and (.‘hlorine in a ration to possible deficiencies 
ill practice the following points are brought out: — 

(1) Potassium deficiency, which cannot l)e said to \in\e been 
brouglit about in Exiieriment VI li will probably never 
be jircsent in two-gallon cajiacity 1 act at in g cows on j)as- 
ture. Even -4 per cent. KoO in jiastiire, whicii is much 
lower than the usual figure, would supi)ly about twicii as 
much ijotassium as that (*ontained in the potassium low 
lation. 

(2) TJie chlorine content of the rations in Experiments V and 

was much lovvei than the intake of cows on very poor 
jiasture ( lb per cent, chlorine). As a matter of fact, a 
1,000 lb. cow on such pasture ^\ould iirobably ingest 
about ri times as much chlmine as the animals in the 
chlorine low rations of this investigation. 

The sodium intake of the animals in Experiment VII on 
low sodium, was not particularly low. Mature South 
African pastures often contain as little as *015 jier cent. 
Xa^O under which (onditions a 1,000 lb. cow' would ingest 
only about as mucli sodium as that contained in the 
sodium low I at ion or, in other w ords, only about as much 
as she actually reciuired for the production of 2 gallons of 
milk. Sodium deficiency in South AfTi(*an pastures at 
ceitain times of the year, when only fully grown mature 
and often old grass is available, is well woitli the serious 
attention of investigators in this field. 

(4) The comliined effec t of low Xa, (1 and K was detrimental 
to the health of the animals, hut there is little danger 
of priHiiring such an extremely low* intake of these three 
constituents in animals on natural grazing. 

(5) It is teiitalively suggested that two-gallon lactating cow*s 

require daily, as a minimum, one and a half times the 
quantities of easily available Xa and (d secreted in the 
milk, i.e. about 15 gm. XaA) and about 13 gm. Cl, while 
an intake of 3H gm. K.O is sufficient to provide for the 
secretion of over 21 gm. K^O in the milk without dele- 
terious effects upon the cow*. 

(h) Cadcivm and Pitosphorx^s. 

With regard to Exj)eriments I, II, III and IV on the role of 
P and Ca, the position is more clear. The often observed fact that 
low phosphorus in a ration brings about stywesiekte, poor condition, 
low inorganic phosphorus in the blood, and general unthriftiness, 
has been confirmed both in Experiment I and II. The latter experi- 
ment was a straightforward P deficiency, while the animals in the 
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former were subject to low calcium in addition to low phosphorus. 
A coiivsideration of Experiments III and IV indic ates that the animals 
in both experiments withstood the low calcium quite well. On the 
other hand, Table III indicates that calcium deficiency was acute 
during both lactation periods. The animals, as already stated, 
in^^’ested a certain amount of soil, so that the intake of calcium was 
probably higher than that given in Table II. However, apparently 
Ca deficiency w^as practic'.ally without effect ujmn the animals and 
the only possible conclusion seems to be that the intake of Ca with 
the soil must have increased the total intake of Ca very (‘onsiderably, 
as it seems very imi)robable that the animals in Experiment III on low 
Ca could have continued to secrete in their milk, without more 
marked effect on their l>odies, about twice the (juantity of calcium 
that they were getting in their food. Clinical symploms of calrdutn 
deficiency were not noticed in this investigation, and it is feaied that 
reliable conclusions about the calcium requirements of cattle cannot 
be drawn until additional data have been obtained from an experi- 
ment now under consideration on the role of the Ca, P complex in 
the nutrition of bovines. 

As suggevsted by a study of the phosiiliorus intake and outgo of 
Nos. 3041, 3(i48 and 3059 in Tables III and IV, by clinical symptoms 
of aphosphorosis in the course of the exiieriment, and by low inor- 
ganic phosphorus in the blood, phovsphorus deficiency was acute for 
the greater part #)f the experiment. Expressed as the diunand 

for phosphorus dining lactation is greater than that of any other 
mineral, and unfortunately, varies greatly from season to season. 

It may be pointed out here that Crichton (1931) considers that 
one of the authors (A. I. M.) is of the opinion that inorgani(‘ phos- 
phorus in the blood limils milk production, but that he erroneously 
attribuled that view to the author concerned- It has been ])ointed 
out time and again from this Institute, that phosphorus deficiency 
limits milk prodiudion and is ahsf) a^^soriafcd with low inorganic 
phosphorus in the blood. Put it certainly would be illogical and 
purely si)eculative for anyone to conclude that therefore inorganic 
l)hosphorus in the blood limits jiroduction. Under South African con- 
ditions, at the best of times, pasture will not usually contain more 
than *45 per cent. P 2 O 5 for any length of time. In such circum- 
stances 25 lb. pasture (on dry basis) would contain about 50 gm. 
P 2 C 5 , w^hich would hardly meet the requirements pf a 2 -gallon cow. 
It may safely be said that without drastic pasture improvement there 
is little hope of getting a daily milk production for any length of 
time of 2 gallons from cows on pasture only. Unfortunately low 
protein in such pasture would be an additional limiting factor for 
the production of 2 gallons milk. Phosphorus supply is undoubtedly 
a problem that has to be contended with under systems of milk pro- 
duction under ranching conditions. 

(c) Repboduction. 

Before concluding, it is necessary to review reproduction in this 
investigation. In Table VI below the calving chart of the animals 
is given. 
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A glance at Table VI reveals the fact that in 1931 calving was 
abnormal. Weak itind blind calves were the rule, and almost 50 
per cent, of the calf crop was blind. The vitality of the calves 
was low in practically all cases. It seems that a factor present in 
all the experiments was responsible for poor rei)roduction, and it 
is for this reason that 5 lb. ensilage were added to the basal ration 
of each animal in 1932, i.e. about 6 months before second calving 
X>eriod was due. The increase of minerals was negligible as shown 
in Table II, but subsequent (‘alving w^as a complete success. 

In the light of this work and of that of Hart, Hadley and 
Humphrey (1932), wdiere similar results were obtained with a basal 
ration consisting primarily of wheat products, it appears that the 
birth of abnormal calves in this experiment should be associated wdth 
an inheient defitu'ency in the ration, such as poor quality protein or 
perhaps vdtamin A. 5 lb. of ensilage containing SO per cent, w’ater, 
can hardly be said to add much “ quantity ’’ of any food constituents 
to the ration, while it is rich in vitamins, as is all green feed. The 
pioblem of poor reproduction must be left unsolved until the experi- 
ment now being (onducted to elucidate this point has yielded some 
information, and it is taken for granted provisionally, especially 
wdien the two calving periods are comparocl, that abnormal calving 
in 1931 was not associated wdtb any sjiecitic factor related to the' 
mineral composition of tlie rations. Ai)parentJy the 5 lb. ensilage 
which, according to Table II, haidly increased the mineral content 
of the basal ration at all, contained the factor or factors wdiicJi made 
calving in 1932 one hundred per cent, successful. No weak or 
a])normal calves were born, although the number of animals still 
alive to calve down was considerably less than in 1931. 


VI. SUMMARY. 

1 . Data are presented on the requirements of growing and lac- 
tating cattle of Ca, P, Mg, Na, K, (^1 and I. 

2 . The investigation lasted approximately 2^ years; the animals 
passed through 2 gestation periods and two lactation periods of 00 
days each. 

3. A grade Friesland heifers was placed in each expeii- 

nient on a basal ration of 31 lb. bay, U) lb. maize coiU'eiitrates 
[crushed maize and/or maize endosperm (tanko)] and 20 gm. blood 
meal. 

4. The mineral content of the basal ration w as as follow s : 
CaO 6-8 gm.; MgO 11 1 gm.; KjD 29*3 gm. ; NugO 5*7 gm. ; PoO., 
;]5*4 gm. and w^hen (Tushed maize was eliiniuated 8*4 gm. ; Cl () T 
_gm. and SO 3 12*0 gm. All the minerals were given as su])plenient.s 
I daily, excei)t Sundays, with the concentrates, 

, 5. The animals were inspected daily for symptoms of deficiem'y, 

weights wrere registered monthly, food consumption checked ami 
sapiples of blood drawn monthly for the determination of their 
mineral content. 
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6. The animals were kept over night under roof in feeding boxes 
in an open shed. During the day they were allowed 1o exercise in 
a paddock with concrete floor, except on some o(X‘-asion8 when they 
were allowed into an adjoining paddock with a surface of sand. 

7. 01 gm. potassium iodide had no visible eflect upon the pair 
of bovines in this experimeiil. 

8. It is provisionally suggested that 14 gm. Cl was enough to 
provide for the daily secretion of 2 gallons of milk and that tliis 
ximouni would also be enough for growth and gestation. 

0. When one aJid a half times the quantity of sodium contained 
in 2 gallons of milk is supplied in the food, this is apparently enough 
for the normal product ion of such a (luantity of milk, i.e. about 
If) gm. jNuoD per day. 

10. 88 gm. of K^O en(»ugh for the prodiidion of 2 gallons 
of milk daily for 00 days without ill cttects. 

11. There is very little possibility of a K or a Cl deficiency 
when 2-gallon cows are run on i)asture only. 

12. Idle sodium c.onteiit of a 1,000 lb. <‘o\v’s ration of South 
Afri(‘an j)asture -015 per cent. Xa^O is often below that of the basal 
ration, which is deficient for the prodiudiou of 2 gallons of milk 
daily. 


18, It was im])ossil)le to produce clinical or other symptoms of 
acalcicosis. An explanation is offered tentatively. 

14. Ai)hosphorosis — incipient and cliniial — was easily produced 
on a ration both low and not so lo^v in j)hosphorus. 

15. lladiographs of selected hones of phosphorus and calcium 
defif'ient animals aie i)reserited. 

Hi. A lactating atiimars defence against mineral deficiency is 
decrease in milk i)r()(luctiou, the gieatest deciease being noticeable 
when the deficiency is greatest, e.g. Experiment IV, low K, Xa and 
€ 1 . 


17. It is doubted wdieiher low' magnesium could ])ossih]y become 
a ])rol)lem in an animal’s diet. The basal diet composed of materials 
low' in minerals c'ontained at least 5 times the amount of imagnesium 
secreted in 2 gallons milk. 

IS. The present study is being followed up by a study of the 
role of the P conqdex in the nutrition of cattle and by further 
studies on Na, K and chlorine low rations. 
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MINERAL CONTENT AND FEEDING VALUE OF SOUTH AFRICAN PASTURES. 


INTRODUCTION. 

Mention is made under “ outline of investigation ” in the first 
rei)ort (1982) on the problem stated above, of experimental grass plots 
forming a part of the experimental plan of the investigation. It is 
pioposed tx) deal with the results of the first twelve months’ work 
upon the experimental plots in this publi(;ation. Eleven species of 
grasses were subjected to the treatment according to the experimental 
plan, for the full period, as fhe analyses indicate. 

The objects of the plot exjieriments may be restated here 
briefly : — 

(1) A study of the effect of growth on the chemical comj)osi- 
tion of pasture. Monthly, two-monthly, three-monthly, 
etc., cuttings of each variety of grass were made and 
analysed. 

(2) A studj^ of the variation in chemical comiK)sition of 
different species of grasses at the same period of growth. 

(3) The effect of seasonal variation in growth on the chemi<ial 
composition and on the yield of grass. 

(4) A study of the chemical com])osition of successive cuttings 
of the same variety of grass. This means that, if the 
work began in January, the analysis of the monthly 
growth during each month of the > ear would be avail- 
able. The analyses of the two-montlily groAvth of the 
same ])ortion of the plot w’ould be made every alternate 
month, for three months’ growth every three months and 
so on, so that the 12 months’ growth w^ould be ready for 
analysis at the end of the year. 

(5) The determination of the (ihemical composition of different 
parts of the same plant* at different stages of growth. 
Eor this })urpose leaves, stalks, haulms, were analyvsed 
separately at the different i)eriods of growth. 


DETAILS OF PLOT EXPERIMENT. 

In August, 1931, this aspect of the work was begun hy planting 
eleven sj)ecies of grasses in separate plots, 30 by 14 feet, mapped 
out in an area where indefinite extension was possible and where the 
soil was apparently uniform in comjKisition over the whole area. The 
latter point was confirmed subsequently by chemical analyses of soil 
samples from each plot. Other plots have been planted from time 
to time, so that at present more than three times the original number 
of grass species are included in the work. However, this report 
deals only with the eleven simcJes already referred to which were 
planted at the outset, and of which the analyses have been carried 
out for the first 12 months of the experimental period, i.e. from 
February, 1932, until January, 1933. The same method of establish- 
ing the plots has been followed throughout and will be described in 
detail. 
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The soil was dug up once, all vegetable matter removed, the 
ground harrowed, the i)lots mapped out so that each was surroxioded 
by a path 3i feet wide, aud after the first good rain in August the 
grasses jdanted in rows 10 inches aj)art. After that the jdots were 
watered until the grasses had established themselves, when they were 
given no further attention except being weeded when necessary. 
Some grasses did not grow as easily as otlmrs, and portions of the 
l)lots had to be replanted. Ilowever, all eleven jdots were established 
successfully before the end of 1931. They were then left to grow 
freely until the end of January, 1932, when the investigations into 
their (‘heniical couij)Ositiou was begun, and the grasses received no 
further attention, exce 2 )t occasional weeding, as already stated. 

The grasses on all the plots were (*.ut short — about half an inch 
from the ground — on the 27th January, and the following plan of 
ex])erinient followed. On the 27th of each month from February, 
1932, until January, 1933, sainjdes were taken from each plot. The 
first row" of grass on eacli jdot was cut monthly and therefore yielded 
12 sam 2 )les of monthly growth of the grass in ciuestion. The se(*ond 
row w"as cut every two months, i.e. on the 27ih of March, May, 
July, etc., and theiefoie yielded six samples of two months’ growth 
ea(*-h. The third rt)w^ was ruit every three months, the fourth every 
four, and so on, until the last or twelfth row- w"as cul on the 271h 
January, 1933, after twelve months' growth. Each of the sam|)les 
so obtained w"as analysed for phosiihonis, (*alcium, magnesium, 
j)otassium, sodium, chlorine, ])rotein and fibre. 

It is realized, of course, that the jdots are miudi too small to 
study yield, nor was it our iiitejitioii to do vso, although the differences 
in the weights of the grasses <uit in the various row"s uniformly 
planted w'ould serve as an index of the amount of grow"tli of that 
l)articular glass during the period in question. In other words, the 
sum ] lies w ere w'oighed, merely to derive at a figure suggesting growth 
during the jieriod, and not to coiujiare caiefully the production of 
grass of one species with that of another species for the same jieriod. 

Other observations in regard to rate of growth, effect of cutting 
at different times, method of growth at different seasons, resistance 
against drought, resjioiise to climatic conditions, w^ere made from 
time to time on the ])l()ts studied, and will be considered in tlie dis- 
cussion of the results at a later stage in this articde. 

As the iirevailiiig climatic conditions w^ere undoubtedly the 
determining factors in regard to the grow"th of the grasses, these are 
given as fully as possible in Table I, to wdiich reference will be made 
frequently. 
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TABLE I. 


1932, 

1st 

2nd 

3rd 

4th 

6th 

6tll 

7tli 

8th 

9th 

10th 

llth 

12th 

13th 

February .... Rainfall 


0 66 

0 10 

1*05 

0*30 












__ 



R. humidity 

04 

65 

76 

76 

88 

67 

77 

68 

69 

87 

66 

72 

66 

Himshlne (hr»,) 

9-3 

110 

10-3 

8-3 

8 0 

7 3 

60 

70 

10*3 

11*0 

5*4 

8*0 

9*3 

Max. Temp 

93 0 

89 0 

85-0 

85*0 

82*6 

85*0 

82*0 

83*4 

84-0 

88*0 

84*4 

86*4 

81*6 

Min. Temp 

57 0 

600 

60 0 

63*8 

68 0 

60-0 

66 0 

63 0 

.57 0 

58*4 

66*0 

68*0 

64*0 

March Rainfall 



— 

— 



_ 

— 

— 

0 07 

1*58 


— 

0*05 

— 

R. humidity 

77 

58 

70 

80 

76 

59 

66 

68 

76 

87 

49 

62 

92 

Sunshine (hrs.) 

3'8 

10 3 

101 

9*16 

10*3 

9 2 

10*2 

7 45 

2*30 

4*45 

8*0 

9*4 

1*3 

Max. Temp 

79 0 

89‘8 

87-4 

81 4 

86 U 

85*0 

85*0 

90 8 

85 0 

81-6 

89-6 

80*6 

69 4 

Min. Temp 

64 8 

56 

59 

61 

59 4 

57 

53 

59 

67 

63*6 

59*6 

59 

60 8 

April Rainfall 









— 

— 


— 


— 

— 

— 


R. humidity 

03 

60 

68 

66 

63 

63 

03 

63 

68 

63 

57 

65 

58 

Sunshine (hrs.) 

10-1 

10 2 

9 3 

10*3 

10 0 

100 

10*0 

10 0 

9 2 

9*0 

9*0 

10*0 

10*1 

Max, Temp 

85 

85 

87 

85 

85 

81*8 

83*2 

80 4 

83*4 

84*8 

86 

82*4 

85 

Min. Temp 

53 

46 

49 

49 

48 

48 

45-6 

49 

56 

46 

49*6 

60 

43 

UTaxr nalnfnll 













0*1(1 

R. humidity 

65 

69 

62 

65 

70 

72 

56 

51 

62 

60 

59 

65 

58 

Sunshine (lirs.) 

9'0 

90 

6-3 

8*1 

8*1 

9-0 

9*8 

9 3 

8*3 

9 0 

7-0 

9-0 

9 2 

Max. Temp 

73 6 

69 

69-4 

71*8 

74*2 

74 

78 4 

77*4 

76 

78 

77 8 

83 

84 

Min. Temp 

49 

56 

49 

49 

40*4 

38*0 

38 

39 

38 

37 6 

88*6 

39 

43 

June Rainfall 











— 




— 




_ 

R. humidity 

68 

76 

76 

68 

58 

71 

65 

68 

58 

57 

45 

48 

42 

Sunshine (hrs.) 

9 2 

0-15 

1-3 

7 3 

8*4 

8 2 

8 4 

9*0 

9 0 

9 1 

O'l 

9*0 

9*2 

Max. Temp 

77 

65 

68-8 

75 4 

76*2 

73 2 

73*8 

57*8 

68 

72 

74 

77 

78 

Min. Temp 

38-4 

39 

51 

36 

42 4 

35 0 

31 0 

35 0 

39*4 

34 

34 

30 

32 

July Rainfall 























__ 

R, humidity 

54 

53 

55 

58 

51 

57 

00 

04 

71 

51 

49 

41 

39 

Sunshine (hrs) 

91 

9-2 

9*0 

9*1 

9*2 

r> 3 

9*1 

9*1 

9*0 

8*4 

9 2 

9 1 

9 1 

Max. Temp 

74 

77 

73 

77 

76 

76 

58 

64 

66 

70 

75 

74 

73 

Min. Temp 

30 

31 

30 

32 

32 

34 

38 

32 

29 

27 

29 

29 

27 















August Jiainiall 

R. humidity 

44 

50 

38 

62 

44 

39 

. 39 

39 

34 

38 

50 

44 

35 

Sunshine (lirs) 

9-2 

9 1 

9*3 

9*3 

9 3 

9*4 

9 4 

9 5 

9*4 

1 9 4 

9^4 

9 5 

9*4 

Mux. Temp 

74 

77 

72 

71 

75 

75 

77 

76 

79 

75 

75 

76 

78 

Min. Temp 

31 

32 

34 

31 

32 

31 

30 

32 

35 

32 

.30 

30 

32 

September... Rainfall 





— 

— 


_ 







- 

— 


— 

R. humidlly 



51 

60 


41 

56 

39 

43 

47 

32 

19 

— 

53 

Sunshine (hrs.) 



JO 0 

10 1 

fo 1 

10 1 

10*1 

6*3 

7*3 

10 0 

10 3 

— 


8*1 

Max. Temp 

87 

85 

79 

84 

86 

79 

81 

78 

77 

83 


83 

76 

Min. Temp 


42 

46 

42 

1 

45 

46 

51 

43 

35 

41 

— 

40 

OctobfT. . . . Rainfall 

0 12 



0*88 

0*58 

— 




— 


_ 




R. liumldity 

72 

77 

27 

81 

71 

78 

66 

50 

31 

60 

54 

39 

55 

Simshlne (hrs.) 

3-() 

8 0 

7*3 

0*3 

31 

50 

8*3 

10-2 

10 3 

10*1 

10 3 

10*3 

10 3 

Max. Temp 

78 

63 

86 

72 

74 

75 

84 

94 

97 

9(1 

93 

88 

84 

Min. Temp 

54 

66 

56 

56 

57 

49 

50 

57 

59 

60 

01 

60 

57 

Novembe^r .. Rainfall 

0 03 



— 

0-06 

— 

— 

0*72 




0 22 

_ 

— 

— 

R. humidity 

31 

. 48 

47 

40 

55 

18 

59 

81 

48 

58 

73 

75 

6(5 

Sunshine (hrs.).. .. 

10 2 

10'3 

5 0 

8*0 

11*0 

10 4 

9 3' 

5 J 

10 4 

7*3 

7 4 

4*3 

10*3 

Max. Temp 

81 

87 

77 

75 

78 

92 

74 

74 

76 

76 

75 

76 

75 

Min, Temp 

54 

58 

57 

59 

52 

60 

61 

68 

59 

56 

52 

57 

57 

December.... Rainfall 





— 

0-6 

— 

— 

— 



— 
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MFrEOH()j.oaiCAL Data. 
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MINERAL CONTENT AND FEEDING VALUE OF SOITTH AFRICAN PASTURES* 


Several imix)rtani factors are noticed in Table I which bear 
more or less directly on the subject of plant growth : — 

(o) The total rainfall for the twelve months, 1st February, 
1932, to Slst January, 1933, was 17*43 inches, compared 
with the normal average of 29 inches per annum. The 
unequal divstribution of rain over the year is also worthy 
of note, 

(b) No rain fell during the months »lune, July, August, and 
almost none in May. 

(c) The first rain in spring fell on the 20th of September, so 
thal plant growth after winter and up to that time was 
very little indeed, if any at all. 

(d) With abundant sunshine and low relative humidity of 
the air, the rain could not be used to the greatest 
advantage by the plants. Such conditions would favour 
the rapid evaixuation of soil moisture, and one would 
anticipate short periods of ra])id growth immediately after 
a good rain followed by poorer growth or comj)lete cessa- 
tion of growth according to amount of soil moisture 
jiresent until more prerdpitation takes place, when growth 
would beg’in again. This j)oint will be referred to again 
in the article. 

(e) The grasses were grown essentially under conditions of 

summer rainfall, when practically all the growth took 
place. During the 1932 winter, growth almost (*eased on 
account of drought and <*old. 

(/) The effect of the climatic conditions on the composition 
of the grasses cannot he gauged correctly until data for 
subsequent years have become available. At the same 
time it must be pointed out that all the grasses under 
consideration were subject to the same climatic conditions, 
and the results, therefore, are on a comparative basis. 

METHODS OF ANALYSIS. 

The methods eiujdoyed in the analytical work were described 
fully in the first article. A few modifications that have since been 
introduced will be referred to briefly here: A new w^avshing mixture 
in which caustic soda was replaced by amn^onia w’as jnade up for 
magnesium determinations, and gave better results than that described 
by Malan and Van der Lingen (1930). For greater detail of the 
method reference must’ be made to an article by one of the authors 
(O.R.H.) in this Journal. The procedure for the determination of 
sodium was modified slig^htly and proved to be an imi)rovement in 
every w’^ay on the original method. The principle of the method 
lemained unaltered, and details are to be found in an article by 
J. G. Louw (1933). The absence of total ash determination remains 
a difficulty, and as the results now* stand, the undetermined fraction 
consists of N-free extract, either .soluble extract and ash, causing 
the first and most important fraction, viz., N-free extract to be only 
approximate. Part of the ash is, of course, that actually determined 
and given as mineral constituents. Still, the silica content is not 
known nor can mechanical contaminations with sand during the 
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process of sampling and classifying be excluded entirely or judged 
accurately while the extent of these factors undoubtedly aftVct the 
figure for N-free extriu'lives. 

Sand or soil contamination of tBe grass samides in the work 
under discussion was practically negligible, as the process of cutting 
is such, that would eliminate all coniainination, and only mechanically 
adhering particles on the outside of the plant material might have 
found their way into the sampling bag. Briefly, the method of 
sampling is as follows : The superficial parts of the grass are grasped 
with the left hand, and cut about half an inch al>ove the soil surfacje 
with a pair of scissors held in the right hand. The samifle is then 
immediately transferred to the bag or container. The samples are 
then taken to a roo^i and, when air dry, are again shaken and 
handled before a final sample is taken to be milled and analysed. 
The resulting sam])le for analysis would jjvobably be as free from 
mechanically adhering sand })articles as is ])racticable to get it under 
ordinary circumstances when several thousand complete analyses 
have to be carried out annually in routine procedure. Under the 
conditions described above the effect of the ultimately adhering 
soil particles on the values obtained for the chemical analyses of the 
pasture sajn])les is to all intents and jmrjjoses negligible. 

Uri fortunately, however, the value for ]V-free extract is not 
entirely corrected by the jmocedure described, while the factors which 
are not protein, not fibre and not the inorganic constituents given in 
the list of determinations, remain undetermined, the percentage 
N-free extract obtained by diflerenco between the percentage values 
obtained and 100 must remain ajijn-oximate. As explained in the 
])revious publication, the reason for omitting some determinatiojis 
such as ether (‘xtract, sili(^a free ash, etc., and therefore, including 
these automatically in the N-free extract tiaction, was due to limita- 
tion ot available assistance, while at the same time no serious erior 
was introduc(*d. Several of the mineral surveys, vsome of which have 
been dealt with in the ])revious article already referred to, and the 
analyses of the sam])les of the first 12 months of the ])lot exjieri- 
ments, have been discussed on this basis, while with more assistance, 
which has lecently been foj-thcoming, a method for the determination 
of total ash and soluble ash in addition to the other fractions has been 
introduced automatically, thereby ])roviding figures that aie inore 
truly accurate for the N-free extract. Full details of the ash deter- 
minations will be given in this Journal by J. U. Tjouw (ll)d3). 

PRESENTATION OF RESULTS. 

As already slated, eleven s])ecies of glasses ueie studie»l and 
analysed, each giving a maximum of 12 monthlN cuttings, (i bi- 
monthly cuttings, 4 three-monthly cuttings, -1 loiir-moni hly cuttings, 
2 five-m()nthl\ cuttings, and 2 six-monthly (*uttings, from February, 
1932, to January, 1933. Actually, of course, growth did not take 
place ecjually well all the year round, so that none of the grasses 
gave the full number of monthly cuttings for the jieriod in (juestion. 
Nevertheless, six mineral (*oiistit\ients with jnotein and fibre, wore 
regularly d(‘t ermined in each sample taken, involving several 
thousand analyses which present a problem as to the best method 
of presenting the results. 
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TABLE II. 

PjOj Content oe Grasses . 

(Period of growth: 1 mouth, 2 months, 3 months, etc., up to 12 months. 
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It api>ears best to deal with each constituent determined 
separately afier the tables of analyses for th©.! constituent have been 
g’iven. The constituents to be considered are phosphorus, calcium, 
magnesium, sodium, poiassium, chlorine, protein, and fibre. 

Two lables will be given to represent the results of the analyses 
in regard to each of the constituents to be considered. The first gives 
the ])erceniag*o content of the grasses of the particular constituent 
at the following periods of growth: 1 mouth, 2 months, 3 months 
and so on, u]) to twelve months. The second table gives the analyses 
of the grasses every month, another i)ortion of the plot cut every 
two months, a third cut every three months, and so on, uj) to the two 
six-monthly mittings. In each table, therefore, data are i)resented 
for the fuii 12-month jieriod, i.e. from 27th January, 1932, until 
26th January, 1933. 


Phosphorus. 

Tables II and IV present in tabular form the data obtained in 
regard to the j)hosphorxis content of the eleven s])ecies of grasses 
studied. 

A close study of Table II is both interesting and essential. As 
referen(‘P to the meteorological data given in Table I will ])e made 
constantly, a summary of Table I is given below, which will present 
at a glance the general trend of the climatic conditions during the 
period to be considered, viz., February, 1932, \uitil Jai\iiary, 1933. 


TABLE III. 



Kainfall 

in 

InchcH. 

l)ate‘^ on which 
Kail) Fell. 

Average 

Humidity. 

Average* 

Hours 

Sunshine. 

Average 

Maximum 

Temp. 

Average 

Minimum 

Temp. 

1982. 

Fobruarv 

4-85 

■2. a. 4. r,. 14. 17, 

09 

7-7 

80 

01 

Marcli 

2 08 

19, 20, 25, 28, 
29 

8, 9, 12, 20, 21, 

70 

0*9 

84 

58 

April 

C 77 

29 

23, 24, 26, 20. . 

04 

81 

82 

49 

May 

0 15 

i:i, 15 

03 

8 0 

75 

7:i 

40 

.34 

June 



55 

8-4 

July 

— 

- 

50 

9-0 

71 

30 

August 

— 

— 

4,3 

9 0 

77 

3<i 

September. . . . 

0 88 

20,22 

45 

8«8 

82 

49 

October 

1 70 

1, 3, 4, 28 

52 

8 1 

84 

5<$ 

Novembt^r. . . . 

2 54 

1, 4, 7, 10, 19, 

6(i 

8 5 

81 

59 

Decern bor 

3 54 

20, 22, 23, 25, 
30 

4, 12, 13, 14, 16, 

07 

7 4 

87 

61 

1933. 

January 

J *54 

20, 24, 20, 30 

14, 15, 10, 17, 

61 

8 2 

89 

01 


18, 20 


1 
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For all the species of grasses given in Table II a rapid drop in 
the percentage prosphorus (X'cairred until new growth in spring began, 
when a slight improvement set in which was apparently kept up 
until the end of the period under consideration. Ileference to 
Table III indic^ates that the first rains after the dry winter months 
fell in September, so that the Sepi ember cuttings already contained 
some new growth, as is also evident from the observations given in 
Table A in the appendix for September. Another striking feature of 
the values for given in Table II is the extraordinary low phos- 

phorus content of the grasses. The values for February, i.e. after 
the grasses had grown for one month, represent fair figures, although 
(piite a remarkable variation is noticeable in the ])hosphorus contents 
of the s])ecies given, U rochloa pvlIulanH^ one of the best and most 
palatable grasses, being the highest, and Ilpparrhema Jiirta, a coaise, 
fibrous grass, hardly ever eaten and usually called lhatcdi grass, 
being the lowest in ])hos])horus. After two mouths’ growth, i.e. at 
the end of March, aboul thirty jier cent, dro]) in jihosphorus had 
already set in, while the values after that period represent those of 
mature grass with hardly any new growth as a closer study of the 
des(‘ri])tions given in Table A in the appendix will reveal. 

This table undoubtedly suggests that winter pasture, even if the 
best feeding grasses like lh*ochloa pt/lhilonn, Panicinn }n(t,rnn tnn ^ 
etc., are present, does not contain more than about *1 per cent. 
if it w)nvsivsts of mature grasses as it usually does on a(‘count of 
certain pasture being especially reserved for winter grazing. Twenty- 
five lb. of such j)a8ture — the daily requirements of an average c'ow — 
contain about 12 gm. some of which is not available and will 

])ass out in the faeces of the animal, whereas a gallon (*ow loses about 
15 gm, PaOfl in her milk apart from that required for maintenance. 
The j)hosj)horus content of this ty])e of grazing is quite insufficient 
for even |>oor milk production during winter under ranching con- 
ditions where no supplementary feeding takes place, if the figures 
obtained on the plots are at all lepresentative of the jdios])hoi*us 
content of the natural pasture. * 

In spite of fairly good rains having fallen in November and 
December, and well distributed over the month, the phosphorus 
content of the grasses did not show a significant imiuovement, 
although, according to Table A, quite a fair amount of new growth 
had taken place. The figures obtained for the phos])horus content 
after new growth had begun, do not claim to represent the phosphorus 
content of the grasses as eaten by an animal which would graze 
selectively, probably including more young grass and less old grass 
than a representative samjde of the whole plot for analyses would 
contain. 

Table IV gives the P20.'i content of the grasses under considera- 
tion after definite periods of growth at various times of the year. For 
instance, six cuttings of the same portion of the plot were made of 
two months’ growth each from February, 1932, until January, 1933. 

Of the species of grasses considered Urochloa pullvlans retained 
its comj)aratively high phosphorus cx)ntent, when the same portion 
of the plot was cut monthly, better than the others. Both Cyriodrm 
dactyl on and Hyparrhenia hirta remained more constant in their 
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2)]io8phoru8 content, but the values remained low throughout. All 
the other 8 i)ecies showed a greater or smaller drop in their values 
for phos})horus from February, 1932 , to January, 1933 . A study 
of the meteorological data given in Table I IT does not throw further 
light on this observation, and it must be left provisionally until the 
analyses foi* at least another year have been completed. 

There was undoubtedly significant differences in the amount of 
growth during winter. In the case of (jymhoponoti ylut inodes only 
June and July did not provide a sami)le of monthly growth for 
analysis, while at the other extreme Aniphiloylus mscvlyia did not 
show enough growth for analysis of monthly cuttings from May to 
October. 

The analyses of the remaining jieriodic cuttings all suggest the 
same thing, viz., that the older the plant, i.e. the later the stage of 
growth, the lower is its phosphorus content. Two-monthly (‘uttings 
show lower figures than one-monthly, while five- and six-monthly 
growth is definitely low^er in phosphorus than three- and four-monthly 
growths. 

The ex(‘eptions to this generalization should be studied in con- 
junction with Table ITT, and Tables A, B and (J in the apj)endix. 
For instance, in Table IV^ Eragrostis superba ami Penniseiurn eiltore 
show a higher figure for ])hosi)horus in September for a two-monthly 
cutting. lieference to the rainfall in Table III indicates that the 
first rains fell in late September, while Table C in the appendix shows 
not enough growth for a sample of these twu) grasses for the May 
to July jieriod, and that in September the growth was gieen and 
short with 80 and fiO gm. res])ectively, for samples. In other w^ords, 
the tw^o-monthly samples consisted of entirely new growdh of high 
]dios])horus content. In case of four-monthly cuttings in September, 
the values of i)hosphorus given in Table TV are even more striking 
in that high values were obtained for all the grasses wdth the 
exce])tion only of Cynodon daefylon^ the samjde which happened to 
be described in Table C as “ mixed with fiower heads ” instead of 
green short ”, which applies to all the other samples for that 
period. The analyses of the five-monthly cuttings in Table IV read 
in conjunction w’ith the description of the sam])les given in Tabic (\ 
brings out the same jioint, viz., that stage of growth, deiiending in 
the first instance on climatic conditions, of whic^h rainfall appeared 
to be the deciding factor, determined the i)hosphorus content of the 
grasses studied. As the grasses matured, the ph(>s])horus content 
dro])ped, and undej- similar climatic conditions the jihosphorus 
content of one month’s growth w^ould be higher than that of two 
months, while the latter is slightly higher than a three months’ 
growth, although, after three months’ growth, wdth an average 
figure of about -2 per c€*nt. P^Or. (see also Table IT) there ajipeurs 
to be a variation in the P2O., content between *2 and about *06 
depending on the amount of new growdh ])resent and, therefore, 
included in the vsample for analysis. 

Comparing Tables II and IV, one is forced to the conclusion 
that a rise in the phosphorus content of the grasses was definitely 
brought about by periodic cutting after three, four, five and six 
months’ growth when comi)ared with the undisturbed growth for 
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Crt'dk Protkix Context of Grasses. 

(Time of growth: 1 month, 2 months, ;{ mouths, etc., up to 12 mouths.) 
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the same periods g*iven in Table 1. Eor instance, a removal of the 
old grasses by cutting in June (Table IV five-monthly cutting) had 
greater effect" on the composition of the next five months’ growth in 
isiovember than leaving the grass undisturbed and analysing it after 
10 months’ growth (cf. Table II, November). Obviously, the 
analyses will have to be carried out for several years to confirm the 
tentative conclusion mentioned above. Much more important is the 
observation that the grasses reached maturity and, therefore, a low 
value for jdiosphoriis, very rapidly, and remained low in phosj)horus 
for the rest of the twelve months’ i)eriod in spite of new growth 
having taken ])lace from time to time. 

Protein. 

The protein content of the grasses studied is given as indicated 
in Table V, 

Table V reveals that the values for protein were highest after 
one month growth, dropped quite rapidly as in the case of phos- 
phorus, until mid-winter, w^hen they ranged round about a (quarter 
of the original figure, then rose during spring, ai)])arentlv when new 
grow'th began. It seems that the ])rotein content of the grasses 
responded remarkably well to new growth, several values in January 
being apjiroximately double those of July. As in the (‘ase of ])hos- 
phorus, the jirotein values after one month's growth were higher than 
any other given in Table V. The younger the plant the higher 
apparently is the iirotein content, or again stage of growdh deter- 
mines ultimately the proteiji content of the plan!. 

Table VI presents further data on the protein content of the 
grasses as indicated. 

There is no doubt that with the climatii*, conditions existing in 
19d2 the jm)tein content of the grasses studied remained definitely 
higher when cut at intervals as Jtated in Table VI than w hen allowed 
to grow according to the scheme of analysis set forth in Table V. 
It is realized, of course, that increase in the protein, phosphorus 
and, maybe, other constituents of the plant by periodic cutting, 
has not much ])ra(*tical value unlevss the yield of grass is not too 
adversely affected by the periodic emitting. The plots w^ere to<j small 
to study yield as already stated, although the weights of the grass 
samples obtained at eftch cutting as given in Tables A, B and C in 
the appendix, give some indication of the quantity of grass obtained, 
w^hen cutting, for instance, every two months on six occasions, com- 
l>ared with that obtained for one cutting at the end of 12 months. 
On the whole, mje cutting after twelve 'months ])roduces from one 
and a half to twice as much grass as the total of six tw o-monthly 
cuttings. Furthermore, although the yield is much greater, the 
proportion of unpalatable hard fibrous grass in the long jieriod sample 
is also much greater than in that cut at shorter intervals. There is 
the possibility that a smaller yield will be fully compensated for by 
better quality in the short term growth. This point, about improve- 
ment in quality at the expense of yield, will be considered at a later 
stage in the work under consideration when enough data have 
accumulated over several years under different climatic conditions. 
For the present, it can only be said that the protein content of 
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TABLE VII. 

CiU’BE Fibhe Coxtest of Grasses. 

(Time of gi-owth : 1 month, 2 months, 3 months, etc., up to 12 months.) 
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samples cut at monthly iniervals (Table A"I) is enough to provide for 
the requirements of a 2-g*allon cow under ranching conditions, and 
that, judging* from Ihe eleven s])ecies of grasses studied, the ])rotein 
content does not vary as much from species to sjiecies as from one 
stiige of growth to another. 


Fibre. 


Tables \^TT and VI II ('ontain data on the fibre (.ontent of eleven 
species of g*rasses a1 various stages of growl h. 

U \jpan hirla and Jilt pnchrl ifth ru m roscuin are highest in 

fibre according to Table VII, although Ainplulnplus tnsculpfa used 
for making hay sometimes, and Vyrnhopopo)) pi nri nffdcs, or tnr]a‘n- 
tine grass, are not much lower, and are almost on a par with what 
ai*(^ (Miininonly called good giasses, like Pfunrifm nid.n tmnn ^ V rachhtu 
ptflhfIffNS, Kvapro^it is suprihn, etc. As a inaHer of fact, th(‘ fibre 
(‘ontent of all the glasses given in Table VII are high. AVheii (*ut 
at intervals of one inontli, as stated in Table VIIl, the fibre content 
of the grasses decreases from about Wy ])er cent, to aj)])roxiniately 
25 per cent., although according to AVoodmairs work (li)2() ct seq.) 
it is doubtful whether the digestibility im|>roves a(*cordingly . 
In(*rease in fibre lowers ])alalability, and is also undoubtedly asso- 
ciaterl w'ith advance of stage of growdh wdiich in its turn, as will 
a[>pear fiom the analyses, indicates a decrease in flu* ‘‘ (piality ” 
of the grass. ^Phe association of fibre content with ])alatability, is 
very iinpoitant, but eannot be considered in this invest igation . 
Finally, a consideration of digestibility in lelation to in(‘rease in 
hhre, i.e. advance of stage of growth, is of the utmost importance. 
\V{)odman (19d2) states that during a season of favourable rainfall 
fiv(‘>weekly cutting of herbage ]»revented greatU reduced digesti- 
bility as increased lignificat ion w as practically negligible', ^riiis may 
not ap])ly to vSouth African conditions where growth is more rapid 
under conditions of favouiable rainfall and lign ification ina> set in 
sooner than at Cambridge. 

Further information will be obtained on the (juestion of inatuia- 
tion ot jiasture and its etb'ct on digestibility early next s]>ring, when 
digestibility trials on pasture at dilTerent stages of giowdh will be 
undertaken. 


(^VEOIVM. 


The calcium content of the eleven species of grasses is given as 
indicated in Tables IX and X. 

AVith the doubtful excej^tion of Cpnodoii dactploa, there is 
apparetjtly a slight but inconsistent drop in the (*al< ium content of 
the grasses as they mature. This tendency for c,al(*ium to be low^er 
on the whole for advanced stages of growth is more a])])arent if the 
figures for the calcium content of monthly grow^th in Table X are 
compared with the corresponding figures given in Table XI for the 
same grass from one month old up to tw'elve months. 
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TABLE IX. 

CaO Co>’TENT OF Grasses. 

(Time of growth: 1 month, 2 mouths, o months, etc*., up to 12 months.) 
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TABLE XI. 

XSoO CONTENI OI (jRASSES. 

(Time of giowth: 1 mouth, 2 monthb, 3 months, etc., up to 12 months.) 
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There is a remarkable variation in the calcium content of 
different species of grasses at different vstages of growth. Cyinho-^ 
pogon-piurinoides or turpeniine grass, H yjmrrlumia hirfa or iliabdi 
grass, and Hh yncJiclythrum rosevni^ all show poor values while 
Uroohloiv pvll'ulons and Panicnm ma,Tirnvm, which make good 
grazing, are high. 

If these eleven species of grasses are at all indicative of the 
calcium content of natural grazing, it is exiremely unlikely ihat 
stock will sulfer from a calcium deficiency under ranching condi- 
tions. A cow producing 2 gallons of milk would consume under 
grazing (*onditions about four times as much calcium as she secretes 
ill her milk. Even mature grasses according to Table TX are fairly 
high ill cabutim if liard fibrous grasses like Cymhojyofjon pi urinoides 
and U ypnrrhetiia hi tin, wliich in any case animals will not touch at 
that stage of growth, arc omitted. 


SoiutJM. 

The sodium contents of tlie grasses studied are given in Tables 
XI and XII. 

A very significant feature of the sodium content of the grasses 
is the great variation in sodium for ilifl'ermit species at the same stage 
of growtlt. (’I'OchliXt puHulans and Pntttrttm ttttLvt tn wtti are out- 
standingly high in sodium, while the other species vary from about 
•01 to -04 j)cr (*eiit., which does not a})])ear to vary for dittcient '‘Utge^ 
of growth, (horhhxt shows a remarkable drop in Table XI, which 
is not so in ouounced for Panicnm mttm , 

The value for sodium apj)ear to be remarkably low on the whole, 
and Table XI suggests that the intake of sodium by (Uittle on grazing 
certainly justifies serious consideration of a possible detSciency of 
tills constituent, leasing the sodium requirements of a (*ow again 
on a two-gallon production standard approximately 10 gm. of NaoO 
are secreted in her dail.v milk, while 25 lb. of grazing on the dry 
basis contain apjiroximately 11 gm. of NuoO, which have to suffice 
for milk jiroductioii as well as for the maintenance of the cow. 
•025 gm. NagO for the conqiosition of pavstiire eaten is obviously an 
arbitrary figure, but is sufficiently correct to bring out the jiossi- 
bility of too little sodium being jiresent in jiasture for milk production 
without sup idem ent ary feeding. Later results, especially when 
mixed pasture is being considered, wdll throw more light on this 
jiroblem of a possible sodium deficiency. 


Potassium and Cheoptne. 

Potassium and chlorine may be taken together for the purpose 
of discussion as they show great similarity in at least two respects 
in the Tables XITl, XIV, XY and XYI, which give the results as 
indicated : — 
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TABLE XV. 

Cl Content of Gbasses. 

(Time of growth: 1 month, 2 months, 3 months, etc., up to 12 months.) 
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Both potassium and chlorine show a remarkable drop as the 
grasses mature. 

It would seem that the drop should be greatest during the 
winter months, especially after the first heavy frosts have killed 
the grasses. That is, however, not the case, and it is especially 
noticeable in the case of potassium, where the minimum is reached 
from Se])tember to November (see Table XIII), in spite of new 
growth of high i>otassiuin content that took place after the first 
rains in September and October. It appears that the new growth 
was insufficient in bulk to increase the percentage potassium in the 
wdiole sample, which consisted of growth from January to May plus 
that from September to the time of sampling. Also, although new 
growth gradually increased from September onwards, the potassium 
content does not show marked response. The new growth in most 
cases, as is evident from Table XIV, remains fairly high in potassium 
up to six months old, so that the sample for analyses of Arnphilophis 
inffculpta (Table XIII) for November for instance, would be made 
up of new growth fairly high in jjotassium ±1*95 (Table XIV), 
plus old growth, which took place before July and which at that 
stage showed 1*17 per cent. KgO. Obviously, the figure actually 
ol)tained for the November sample, viz., *68, is lower and suggests 
that the old growth of the sample must have contained less KjO than 
it did in July. In other words, the i)rocess of losing ])otassium, 
whether this be returned to the soil as Henrici (1930) rejm^ted for 
phosphorus, or whether this be due to the old grass tuft being 
exposed and losing, due to climate, more leaves than stalks, com- 
j)aratively poorer in KgO or whether rain leaches out the potassium, 
this process of decreasing the percentage KgO in the old grass seems 
to continue into late sjiring or early summer. This point will be 
investigated further during the present year when new growth begins. 
From the data available it appears that potassium, chlorine and 
phosphorus, are more involved in this loss than the other constituents 
determined. 

Tables XIII to XVI suggest that a chlorine or iiotassium 
deficiency at any stage of growth is probably entirely unwarranted 
in animals on pasture only when cTmsidering* the i)rodiiction of any- 
thing up to two gallons of milk per day under ranching conditions. 

The potassium content of different species of grasses varies 
remarkably at the sairie stage of growth. Less variation is shown 
in the case of chlorine. 


Magnesium. 

Magnewsium is present in the grasses studied in high concentra- 
tions as revealed by the following tables: — 


684 



TABLE XVll. 

MgO COXTENT 01' (jrltASSES. 

(Time of growth : 1 mouth, 2 mouths., '6 mouths, etc., up to 12 months.) 
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There is quite a marked variation in the magnesium content of 
the different specicvS of grasses at the same stage of growth, as a glance 
at the tables given above reveals. Ai)parently the magnesium 
content of any particular species is not appreciably affected by the 
stage of growth, there being no noticeable drop in the values given 
in Table XVII from February, 1932, to January, 1933. It would 
seem, however, from Table XVIII that regular cutting does tend 
to keep the magnesium content of grasses at a higher level. This is 
especially so in the case of Panimmi majrimum and TJrochloa jmllu- 
Ians, where the tendency for the values of the sami)les cut at monthly 
intervals is to lie round about one j)er cent, instead of between the 
lower limits given for these two grass sx^ecies in liable XVII. 

Further analyses and more data therefore are bound to shed 
further lighi on this ])oint when more fignires are available for con- 
sideration. 

DiSTRrnrTioN or the Constijuents Determined in the Grasses. 

Each of the sam])le8 of monthly, two-monthly, three-monthly, 
uj) to twelve-monthly stages of growth of four of the species of 
grasses, was divided into leaves, stalks, and inflorescence resx)ectively, 
and these fraclions sej^arately analysed in order to determine the 
distribuiioii of the (constituents in the grasses. The four si)e(iies of 
grasses selected were A niphilophis inscttipfa, Ercfprostds superba, 
H pparrhenia hirUi and Pejiniseturn ciliarc and the data are X)resented 
in Tables XIX to XXII hereunder: — 


II 
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Two of the samples were unfortunately not divided u]) in 
October as was also not the sample of Eragrostic svperha taken in 
March. 

The proportion of stalks appears to be greater during* the winter 
months, or in the (*use of two less leafy grasses, Hyptirthenia hi via 
and Ain'philo 2 >his insculpta in spring after stalks of the new season’s 
growth have been formed. In any case, an important omission was 
made after the winier of ]9d2 by not sub-dividing leaves and stalks 
and inflorescence each again into new' growth and old growth 
respectively. This matter has been rectified in the samples for the 
present year. Such a sub-division may throw' light on the cause of 
the continued low* content, especially of idiospliorus, potassium and 
chlorine, even after new' grow'th had started. The values (Tables II, 
XJI and XV) remain low'cr in spite of new growdh, high in these 
minerals, than their respective values for the wdnter months. It is 
impoitant, therefore, to distinguish in the analywses of the samples 
between old growdh and new^ growdh. A continued drop in the 
potassium (*ontent, for instance, of the old growdh ma}^ be masked 
partly oi* wholly by the high potassium (‘ontent of the new’^ growth 
unless old growth is separated from new' growth and separately 
analysed. Furthermore, the present system of sub-dividing the 
8am})le8 has not broiight to light the reason for the continued drop 
in certain constituents, which vary ap^ueciably with stage of grow^th 
even after the mature stage in winter had been reached, it w'ould 
ap])ear that the time of f)oorest grazing as far as phosphorus w'as 
concerned w'as not limited to the winter months, but extended in the 
case of some grasses into early summer w'ell after lunv grow'th had 
taken place, 

Jt is evident from Tables XIX to XXII that exeejd in the case 
of H yparrliema lurta on many occasions not enough inflorescence W'as 
present to provide a samide for analysis. The constituents deter- 
mined w'ere present in greater concentration in the leaves than in 
the stalks and the difference between the leaf-content and the stalk- 
(H)ntent of anyone constituent becomes more noticeable as the ])lant 
matures, or when old grass is present, e.g. after March, 1932. In 
ilie case of some constituents the difference between the leaf-content 
and stalk-content of a particular constituent is quite marked, e.g. 
ph()S]>horus and calcium, and is less obvious in other cases, e.g. 
sodium. 


Growth huring Winter, 1932. 

A glance at any of the tables giving the analyses of monthly 
cuttings of the same part of a plot reveals that in none of the species 
did enough growth for analyses occur during the severest wdnter 
months. Some sijecies, however, continued growing later into the 
winter and others started earlier in spring than did the rest. 

Table B in the appendix presents the data in regard to growth 
during winter and response to regular monthly cutting of the eleven 
species of grasses in 1932. 

13 
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From a consideration of Table B there ai)pears to be considerable 
variation in the response of the grasses to regular monthly cutting 
and to growth during tlie winter months. Vymbopogon plurinodis 
and Setaria gcrrarflii were undoubtedly the hardiest species, while 
Rhyfichelythrvm rosetim, a coarse fibrous grass, j)ractically died out 
as a result of the severe treatment. 

GENERAL SUMMARY AND CONCLUSIONS. 

The results of plot ex])eriments are reported in this publication. 
Eleven s])ecies of grasses, grown on separate plots, were exjiosed to 
the vsame climatic conditions and analysed at monthly intervals 
aitcording to the following jdan : A portion of each plot w^as cut 
at monthly intervals so that the analyses for monthly cuts all the 
year round for each grass could be made. Another portion of the 
plot was cut at two-monthly intervals for the full i^eriod, each subse- 
quently analysed, a third ix)rtion was cut at three-monthly intervals, 
a fourth at four-monthly intervals and so on, uj) to twelve months, 
when a sample of twelve-months’ growth was taken off each |)lot and 
analysed. The results are presented in tabulated form and discussed 
for the period February, 1932, to eTanuai\v, 1933. 

The samples were analysed for (*rude ])rotein, fibre, jihosphoriis, 
calcium, sodium, potassium, magnesium and <ihlorine, and the results 
of each constituent in all the species of grasses, })resented separately 
and discussed. 1932 was a dry year and the results obtained cannot 
be a])plied exce])t in broad outline to other years. However, the 
work is continuing and will be presented from time to time. 

Probably all the constituents determined in the grasses are 
affected by the stage of growth to a greater or smaller extent. Phos- 
])horus, protein, chlorine, sodium and potassium diminished rapidly 
as the stage of grow^th of the grasses advanced from one month to 
maturity. This decrease was less noticeable or even doubtful in the 
case of magnesium, calcium and even fibre. Most of the constituents 
that show an appreciable drop in the grasses during the wdiiter to 
no rise directly new growth begins in the samples com]msed of old 
pre-winter growth plus new growth, e.g. a sample of nine-monthly 
growth of any of the species. This point w'as rather baffling and is 
receiving special attention during the present season. 

The composition of the soil was the same in all the ])lots so 
that the effect of soil fertility and composition on the composition 
of the grasses is not being considered. 

The different species of grasses showed very remarkable varia- 
tions in the content of constituent determined at the same stage of 
growth. Apparently, however, if a grass is high in any one con- 
stituent, it is high in the others, which make for good quality. For 
instance, Panicvm maximum and UrocMoa pvllulans registered high 
values throughout, except for fibre and are undoubtedly the two best 
grasses considered, while Hyparrhenia hirta and Rhynchelythrum^ 
Toseum have verified their reputations of being hard coarse grasses 
of low feeding value if eaten by stock. The above indicates the 
importance of determining Imth botanical composition and chemical 
composition when evaluating pasture. 
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Digestibility tiials were uot carried out on the grasses as the 
plots were too small for this type of work. Digestibility work on a 
number of grass sjTecies will, however, be carried out as soon as the 
growth of the new season begins. 

The deplorably low ])hosphorus content of the grasses as the 
])eriod of growth advances beyond a month as is usually the case in 
natural i)asture, is emx)haRized. Under such conditions a phosphorus 
deficiency seems to be a foredrawu conclusion, as is borne out by ibe 
first rei)ort already piiblished (1932) on a mineral survey of the 
Union. The analyses may suggest lowoi* values than actually exist 
in the pasture as eaten, for in taking samples for analysis, no notice 
is taken of selective grazing by fhe animal. 

The values for protein and sodium are low on the whole and 
suggest tlie })()ssibili1y of both being present in inadequate ainounls 
for j)rodu<'tion at certain times of the year. The other constituents 
ap])ear to be present in abundance and the analyses of the grasses in 
(lueslion do not suggest a shortage of these constituents in natural 
j)asture. 

A number of additional plots have been j)lanted with other 
species of grasses which are also being studied and analysed during 
the present year. A further publication will 1)0 made in due course. 
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A Well-Balanced Ration for Stock Rats. 

lly J. H. KELIjERMAXN, M.S(*.(Af^ri('.), PIi.J)., A^^ricultiiral 
Biochemist, Section of Biochemistry, Oiiderstepoort. 


Tiikrk is nmlouhledly no branch of biology in which so mu(*h jn-o^ress 
has been made during the last fifteen years as in the line of 
nuiiilion, but were it not for the extensive use of the albino rat 
(Mus norreyirus alhtnus) in America and Em ope in connection with 
nutrition problems mnc.h of the valuable knowledge gained so far 
would not have been available. At present the white rat is used almost 
universally in most nutrition W(»rk lliat is of an exact and statistical 
nature; a distinction it c'ertainly deserves bec*ause the rat is such an 
ec*onomic*al animal to experiment with in view of the fact that its 
size makes it possible to house a large number in a relatively small 
space, and to provide the necessary food at a low cost. Moreover, 
it also has a relatively short life span, becomc^s sexually inatme at an 
early age, its rei»roduct ive ac-tivities are rapid, it is omnivorous and 
not at all fastidious with its diet whic-h c*an be absolutely controlled, 
and what is more, it can easily be standardized both genetically and 
niiti itionally, a point whic-h is of considerable importance in nutri- 
tion work. 

With the objecd of starting a pure-bred and standardized colony, 
twelve (eight females and four males) Wistar Bats of the I^mdon 
strain were imported in 1932 from the (ilaxo Resea rc-h Laboratory, 
London. At the present writing several generations have alreacly 
been raised from the original imported animals. These stoctk rats ai*e 
hardy, ac-tive and very tame. They are housed in large cages in a 
room that is well lighted, well ventilated, clean and elec-trically 
heated during tlie cold winter months. (3ean shavings are used for 
bedding. 

In looking through the literature for a gcxul stock ration, it was 
inijmssible to selec-t one that was cpiite satisfactory, in view of the fact 
that recent investigations on the essentials of a good diet made it 
clear that the normal rations of Steen bock (1923), Waddell and 
Steenbock (192cS), Sherman and Burtis (1928), and Bills ef ah (1931) 
can all be improved upon. The stock rations of Smith and Bing 
(1928), Moore and co-workers (1932), Coward and collaborators (1932), 
and llacharach (1933) are no doubt adec|uate in all lespects but they 
are not simple and uniform enough for our purpose. Tu this 
laboratory a suitable mixture c*ontaining all the nec-essary ingredients 
is prefeiTed to their diets which also incdude fresh vegetables, meat 
and liver, because Kon (1931) has shown that the rat is not a wise 
selector of different food constituents when offered separately. 
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The sto(‘k ration adopted in this laboraiory is a modification of 
Waddell and Steenbocks* (1928) normal diet in so far as parts of the 
yellow corn and linseed oil meal have been repla(*ed by dried beef 
liver, brewer’s yeast and calcium carbonate. It is a dry comminuted 
ration with the following composition: — 

Ground yellow corn 08 per cent. 

Linseed oil meal 10 ,, 

Crude casein 5 ,, 

Dried brewer’s yeast 5 ,, 

Alfalfa meal ... 8 ,, 

Butter fat 5 ,, 

Beef liver (dried at 70® C.) 2 ,, 

Bone ash ^ 1 ,, 

(kiCOa 0-5 „ 

NaCl 0*5 


Fresh whole milk and tap water, fed separately, ad lihitvrn daily. 

The above ration has been in use now for more than a year with 
excellent results. 98 Per cent, of the 1 liters weighed 40 to 00 g-rains 
at an a^e of days. All the litters were reduc ed to (> on the day of 
parturition as practised by Macy, Guthouse, Long* and riraham (1927). 

Beef liver wtis inc'orporated in tlie ration beciciise it has been 
showm in different laboratories that liver stimulates food consumption 
and utilization, general growth and lactation. [Osborne and Mendel 
(1920), Evans and Burr (1927), Mapson (1932), Seegers and Smith 
(1932), Graham and Griffith (1933), Seegers and Smith (1933), 
and Bahrs (1933).] Whether liver owc‘s its abovci cpialities to its 
high vitamin B^ ciontent (Culm, 1931, Graham and Griffith, 1933) 
or to some yet unknown essential dietary facdor remains to be seen. 
However, Karrei* and v. Euler (1933) have shown lecenlly that a 
vitamin Bg extract from liver possessed remarkable growth-promoting 
pcjwer w'hen fed to lats. Nevertheless, by the addition of 5 ])er cent, 
brew’er’s yeast, the above ration is also well supplied wuth the vitamin 
B complex. The addition of yeast was considered nec essary in view 
of the fac‘t that the results of Mucy et aL (1927), Evans and Burr 
(1928), Sure, vt aU (1929) and Clayton (1930) show that nursing rats 
need an abundant supply of vitamin B if successful lacdation is to 
take plac’e. The yeast is obtained frcnn the Castle Brewery, Johan- 
nesburg, in a dry commercial form. It c'ontains 7*2 per c-ent. nitrogen 
and has been found effecdive in aiding growth and ]»!eventing ])c)ly- 
neuritis when added at a 5 ])er cent, level to a vitamin B-free ration. 

The fat soluble vitamins A, I) and E are also present in optimum 
amounts. As a matter of fac*t the ration is too rich in vitamin A 
when the young animals are to be used for the assay of this vitamin. 
Of c‘Ourse, in assaying vitamin A it is always better to regulate first 
the storage of this vitamin in the aminals either by the method of 
Nelson (1928) or that of Garrett and Mitchell (1933) before they are 
put on the experimental rations. Vitamin C, although not exactly 
nec‘essary in the diet of the rat, is supplied in the fresh whole milk. 


* The bone ash was prepared by ashing oornmereial hone meal in an 
electric muffle at a bright red heat until a nice white ash was obtained. The 
ash was then ground to a fin© powder in a large iron mortar. 
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Tl>e nlfalfa meal, iii additiou lo coiitainin^* an appaieni new ^rowtb- 
stimiilatin<»‘ tailor as shown by Mason (1928), also serves as a ^^-ood 
i(nij>'lia^4‘e. 

The crude fibre (determined by Mr. Roets), ash and protein 
(total N-N in yeast x ()*25) contents of tlie ration are 4*5, 3*72 and 
15 *(>9 per cent, respectively. The nitrog-en of the yeast was not 
calculated us j)roiein-uitrog*en in view of the fact that Still and Koch 
(1928) when measuring by MitcheH’s method the biological values 
of diets containing one Inilf of the nitrogen from yeast and one halt 
from (*asein (total lSr-2‘9 per cent.) found little supx)lementary 
rehition betw^een the two iirotelns. The distribution of food energy 
wlum exi)ressed in terms of percentages of the total eneigy* of the 
ration is: carbohydrates 68*2, fats 15*0 and protein 1()*8. 
Aj>j)roximately (>5 i)er cent, of the protein (‘ame from plant and 
35 per cent, from animal sources. It will be seen that the protein 
I'ontent (1()*8 per cent.) of the ration falls between 14 and 18 per (*ent., 
the range in which Slonaker (1931), (1931a), (1931b), (1931c), 
(1931d), (I931e), obtained the best results for growth, reproduction, 
activity, etc., when taken as a whole. Bing and co-workers (1932) 
believe that the pi*otein requirements of the mouse are (*ertainly 
fulfilled by diets containing 15 fi jier cent, protein ((*asein), and that 
the protein re(|iiirements of rats and mice are nearly the same. 

33ie ( alcinin, i)hos[)horiis and magnesium (*ontents are 0*01, 0*44 
and 0*lt» per cent, respectively, w*ith a : P latio of 1*39 w'liicdi 
|)oi'poi tion lias been found by Simmonds ( l924),Bethke and Edgington 
(1927), and Bethke, Edgington and Kick (1933) to be the oxdimum 
or near optimum for the rat and for j)igs. In a more recent pax^er by 
Bethke, Kick and Wilder (1932) further evidennce is given that a 
(■a :P ration between 2 (M) and 1*00 is the most favourable for growth 
and lone formation in the lat. 14ie iodine content is 33 y x^^*’ 
lOO grams of ration as determined b.y Dr. Blom (1933) whose co-ox)era- 
tion is ax)l>i‘eciated. 


SX MMAUY. 

A dr\ comminuted ration for stock rats is described wdiich is 
considered io be well balanced and adeijuate in all resx)ects. It con- 
tains (>8*2 c'arbohyilrates, 15*0 fats and 10*8 x>^‘otein expressed in 
terms of percentages of the total <*alories yielded by the ration. Tts 
ash, calcium and xdios])horus (*outeiits are 3*72, 0*()1 and 0*44 
cent, resfiecti vely wn’th a i\\ : P ratio of l*3f). 
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Studies in Sex Physiology, No. 10:* 
The Situation of the Developing Foetus in 
the Merino Sheep. 


By 

H. H. CTTRSON, F.R.C’.V.S., Dr. Med. Vet., Research Officer, 
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J. 


B. QITINLAN, F.JJ.O.V.S., Dr.Med.Vet., D.V.Sc., Suh- 
Director of Veterinary Ser%'i»-es and Animal Industry. 


INTRODUCTIOH. 

W iTH regard to the vsitualioii of the foetus in ufero of any species, 
thei e IS very I i tile definite informal ion available, exceptinji:, of 
course, shortly before birth when the dorso-sacral position generally 
a(‘(*oiupanies a loiifjril udinal cephalic preseiitat ion. Indeed Williams, 
W. li. (19dl, j). ld()) quotes figures indicating- “ that the probability 
of dysiolcia in posterior as compared to anterior presentation is 
t)0 : 14 He ad<ls: ))osterior presentation has been (*onnnon in 

d>stokia in botli mares and cows, but iisufilly the foetus has been 
dea<] or (dearly and definitely diseased. The more the problem is 
studied, the moie evident it seems that the great majority of caudal 
])resentat ions are pathological 

Obviously the most suitable time to gain this knowledge would 
be during life; but as facilities existed for examining the gravid 
uteri taken from Merino ewes killed in experiment by Quinlan, 
Mare and Enux (19J12a)t use was made of the available inateriaL 
See Table. Although Williams, W. L. (19-H) warns one that 
“ the po.^ition of the foetus in a dead pregnant female map be 
quite unlike that of the living animal ...” yet it does not api>ear 
likely that the presentation would be at all altered, i.e. it would 
be longitudinal and either the cephalic' or the caudal end would 
be dire(*ted towards the canal is cerrici’s uteri. With regard to the 
position of the foetus, i.e. the relation between any selected jioint 
of the foetal body, e.g. the dorsum and the maternal body, e.g., 
vertebrae, pubis, right iliac region or left iliac region, and posture^ 
i.e. the arrangement of the head, neck, and limbs, it is probable 
alterations may take place after death. 

* For footnote, see next page. 

f This experiment, undertaken at Grootfoiitein School of Agriculture, Cape 
Province, was to determine the stage during oestrus wdmn “motile sperms in 
the genitalia of the ewe are capable of fertilising an available ovum ”, 
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1. QUINLAN, J. (1928). Vasectomy as a Method of Sterilising Ram Lambs. 

A (Comparison with Castration. Jl. Agnc. Sr., Vol. 18, 2G/7/28, 
pp. 440-459. Also publislied in VMh and lAtk Itepo'ris Dir, Vet, 
Editr, fh pp. 583-595. 

2. KIIPFKR, M. (1928). The Sexual C^^cle of Female Domesticated 

Mammals. 13f/i d* 14//i Rpts. Dir, Vet, Kduc. tf pp. 1213-12153. 

3. (ijUINLAN, J. (1930). Cland-grafting in Merino Sheep. Preliminary 

Observations on its Influence (n) on Body Development, Wool 
Pr(Kluction and Progeny and (b) on Senility. 16f/i Itept, Dir, Vet, 
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Relation of the Time of C/opulation during Oestrus to (conception. 
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8. (JUINLAN, J., AND MARL, G. S., and ROUX, L. L. (1932). The 

Vitality of Spermatozoa in the Genital Part of the Merino Kwe, with 
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LITERATURE. 

Ill regind to the position of the foetus !n vtero (h'aig: (1930), 
merely states that this . . . “is very nearly constant in the 
same species, and this relation it retains . . . until near parturition, 
when it is <hang*ed . . . Tn regard to the horse, he quotes CVdin, 
who states that “ towards the termination of preg:naiu*y the 
foetus of the mare lies with the belly upwards, the hind limb 
in the largest of the uterine cornua, and the anterior limbs and 
head directed towards the cervix Coni^erning the o.r, again ciuoting 
Oolin, he adds: The belly of the foetus of ruminants is directed 

downwards, . . . and the head is directed fiachwards Nothing 
definite is stated with regard to the sheep „ 
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A Hignifirant statement is the following: “ The position of the 
foetus towards the termination of gestation may vary oeeasionally, 
and even fvequenlly^ owing to the active reflex movemeiilvS whi(*h 
it performs, and to those energetic movemenis, ii cannot he doubted, 
are due the diflicult ju'esen tat ions which the foetus offers so fre- 
quently at birth 

Smith (1921); while repeating, for the Aor.vc, the almve 
description given by C<din, adds (quoting from Ellenberger’s 
“ Physiologic — after Franck — ) that “ preparatory to birtli the 
foetus changes position and turns on its side, so as to assume, first 
a lateral position, and lastly an upright one, by which the foetal 
and maternal sj)ines are 1>rought nearer togethei*. To assume this 
position the foetus has liad to make a complete (half) revolution 
Kegarding the c(tw Smith states that “ the foetus lies on its 
back ... as in the maie, but somewhat crooked — viz. the head 
imdining towards one side and the liind extremities towards tlie 
other; in all other res})ects its j)osition resembles that of the foetus 
of the mare 

In regai<l to the active movements of the foetus in late pregnancy, 
Smith ad<ls : the alteration in the position of the foetus does not 
occur through its own movement, hut by tlie contraction of the 
uterus; on the other hand, the stretching of the limbs is the result 
of foetal movement 

Williams, W L (19dl), after explaining that “the foetus of 
uni])ara constitutes an arc of a cirede to conespond with the lesser 
cuivature of the uterus, strongly contests the view expressed alK)ve, 
especially in regard to the dorso-])ubic ])osiiion alleged to be assumed 
by the equine foetus, lie adds: “ If the . . . position is physio- 
logical, it would be of great interest to discovei* the forces whicdi 
bring about the rotation at birth “ ! (^iuc erning the bovine foetus, 
he considers that as both foetus and uterus are so distinctly aiciform, 
“ it is very doubtful that the harmony of the two arcs should become 
seriously disturbed during the later stages of gestation 

From the above referen(*e.s, it is clear that no prec ise knowledge 
is available c*oncerning not only the sheep, but also the horse and 

(H)W. 

MATERIAL STUDIED. 

When fertility had been established by Quinlan and co-workers 
(19d2a) in the ewes referred to above (loc. cut. footnote), the shee]) 
were of no further use to the investigators. It was, therefore, decided 
to kill them at varying intervals and to jneserve the internal genitalia 
intact for further study. Notes were kept regarding the date and 
hour of copulation and again c oncerning the hour of slaughter. The 
gravid uteri were removed immediately after death, sealed in tins 
containing 10 per c-ent. formalin and then des])atched by rail to 
Ondeivstepoort, where, as opportunity offered, they were examined 
by the writers. In some instanc*es the material had been tightly 
packed in the various receptaedes, but in only a few cases was it 
difficult to arrange eac^h specimen in the dorso-ventral povsition (with 
the jmrs indinsa of the uterus directed caudally) for photographing. 
It will be observed (see Plate) that the specimens have been arrangecl 
acceding to the age of the foetuses, coiu'erning which details can 
be seen in the accumipanying Table. 
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Table and Comments. 


1. 

II. 




III. 



TV. 

V. 

VI. 

vn. 












Approx. 




c 

OeicifLl 









total 

Approx. 



o' 

No of 

No. of Table, 

in Experiment 2 h — 

Age of 

weight 

weight 

Approx. 

size 

^ ao 



Quinlan, Mare, and 

loux (19.32a). 

foetus. 

of un* 

of 

C.K. length. 


ewe. 









opened 

foetus. 













uterus. 












Da\s 

Hrs. 

Gm. 

Gm. 

Cm. 


1 

0. 125 

8 

i.e. served at 

18th hour of 

mstrus 

33 

4 

120 

M32 

2-1 


2 

0. 66 

14 



36tlK 


,, 

33 

20 

180 

1-561 

2*3 


3 

0. 136 

10 

,, 


24th 

99 


35 

1 

120 

1*926 

2*4 


4 

0. 70 

12 



30th 

*f 

,, 

36 

23 

100 

1*825 

2*5 


T) 

i). 91 

2 

• 


onset 

99 

,, 

37 

23 

140 

— 

Twins 2*6 

2*6 

6 

0. 163 

4 



6th 



39 

1 

300 

4*080 

3*5 


7 

O. 137 

6 


ff 

12th 



40 

8 

160 

4*125 

3*2 


S 

0. 64 

12 

,, 


30th 



42 

16 

120 

2*771 

3*3 


9 

0. 138 

10 



24th 



43 

22 

440 

8*062 

4*1 


]() 

0. 76 

4 



6th 


99 

44 

21 

260 

7*811 

3*9 


11 

0. 114 

8 



18th 



46 

6 

420 

13*32 

5* 1 


12 

0. 140 

12 


♦ 9 

30th 



46 

22 

280 

7*866 

4*8 


13 

0. 67 

6 



12tb 



48 

8 

280 

15*06 

5*3 


14 

0. 126 

2 



onset 



49 

1 

600 

17*58 

5*7 


L7 

0. 108 

10 



24th 



49 

23 

500 

24*15 

6*7 


Ifl 

0. 75 

8 



18th 


99 

51 

1 

600 

23*85 1 

6*7 


17 

0. 101 

8 

,, 

99 

18th 

,, 

.. 

52 

1 

560 ; 

25 -.551 

7*2 


18 

0. 161 

2 

,, 


onset 



53 


460 

27*77 1 

7*3 


111 

0. 87 

10 



24th 

<9 


55 

4 

660 

.36 -535 

7*9 


*20 

0. 72 

6 



12th 


.. 

55 

18 

1000 

— , 

Twins 7*5 

7*3 

21 

E. 88 

15 

,, 


39th 

,, 


56 

5 

1320 

i — 

Twins 8*4 

8-0 

22 

180 

13 



33rcl 



64 

16 

1000 

88*48 

10*5 


23 

0. 207 

.5 



9th 


,, 

65 

21 

840 

102-97 

11*5 


24 

0. 82 

5 



9th 



66 

18 

1400 

120*0 

11*9 


25 

0. 164 

5 



9th 

3* 


68 

15 

1280 

151*8 

12*6 


26 

0. 186 

11 



27th 

9* 


70 

17 

L500 

177*92 

13*4 


27 

0. 190 

5 

f • 


9th 

"I * 

,, 

72 

13i 

1400 

187-2 

14*1 


28 

0. 168 

10 



24th 

,, 

,, 

80 

22 

1740 

319-8 

20*0 


29 

G. 115 

8 



I8th 


»♦ 

82 

3 

2040 

400-0 

17*3 


30 

0. 118 

8 

% ♦ 

99 

I8th 


»» 

82 

23 

1640 

415-0 

17*4 


3i 

0. 152 

8 


,, 

18th 


,, 

83 

21 

3860 

— 

Twins 18*5 

18-5 

32 

0. 179 

12 



30th 



84 

17 

1800 

457-5 

19*3 


33 

0. 104 

11 



27th 


,, 

84 

19 

1440 

414-0 

18*7 


34 

2397 

12 



30th 

f » 


86 

m 1 

3000 

355-0 

16*5 


35 

0. 189 

9 

»» 


21st 

99 

,, 

87 

22 

3720 

— 

Twins 18*5 

19*8 

36 

175 

5 

f « 


’• 9th 


,, 

96 

18 

, 2200 

959*0 

23*5 


37 

0. 94 

5 

9 * 

99 

9th 

9f 

»♦ 

100 

16 

2480 

988*5 

23*5 


38 

4675 

5 

If 


9th 

99 

*. 

101 

15 

1920 

942*7 

22*9 


39 

2398 

13 



33rd 



102 

18 , 

2320 

1010*5 

21*6 


40 

G. 127 

9 

f* 

99 

2lHt 

»• 


105 

2 

3360 

1576*0 

25*5 


41 

G. 130 

3 



3rd 

- 


108 

16 

2580 

1216*9 

23*0 



The following comiuents must be made on the above; — 

(a) Time (luring oestrum ivhen ewe was served {column 111 ), — 
This information while of the greatest importance to Qninlun and 
€o-workers (1932a), being in fact, the object of their investigations, 
(inasmuch as it was desired to ascertain at which stage copulation 
would be most successful), is only of interest in this study in con- 
nection with the ageing of the foetus, 
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W foetvs (colvmtt /T), — In his notes re^ardin^’ the 

foetuses, kindly furnished by Mr. (f. S. Mare of (xrootfontein School 
of A«riculiure, Ihe iifie has been ^iven as from the time of copula- 
lion until slaiio-liter. While for piactic'al purjmses this is convenient, 
it must be boine in mind that the precise prenatal should be 
dated froni fertilization. Factors which accordinjj^ly should be con- 
sidered are : — in) time of ovulation, (/>) time taken for ovum to reach 
Fallopian lube, and (c) fertilizable i)erio(l of ovum. The male factois 
are (i) time of service, (ii) time taken for spermatozoa to meet the 
ovum, and (iii) longevity of spermatozoa. 

(Quinlan and Mare (]9dl) have indicated that the time of 
ovulation “ rarely takes place before the d(>th to the 40th hour of 
oestrus but nothingf definite is known coiu'erning- the period taken 
for the ovum to reach the oviduct. In connection with this, Quinlan 
ami co-\vo)'kers (19'j2a) assume “ a period of a few hours to enter 
the Fallopian tube Regarding: the fertilizable period of the ovum, 
(Quinlan juits this down as not e%en “ 0-12 hours after folli<*ular 
ru]>ture in “ at least oO per cent, of cases ((Quinlan 19'12b). 

Regarding- the sperni cell, iininlan and t-o-workers (19.S2a) 
are of the ()])inioii that “ the spermatozoa . . . are capable of . . . 
im]>i eguating an available ovum fiom tlie onset of oesti’us until 80 
houis aftervvaids Further, that “ speimatozoa may reac h tlie 
alxloniinal extremity of the Fallo])ian tubes within 0 hours following* 
coitus and finally, that the longevity of s})erms depends on the 
division of the genital tiact in which they are ])i*esent, e.g*. about 
12 houis in the vagina “ and up to the 48th hour after coitus ” in 
the cervix. Sc^e ?So. fl of the Series of Studies on Sex Physiology. 

It is, therefore, ol)vious from the above considerations that the 
])reiiatal age* de])eiids on man> factors, and although it may be, for 
piactical purpose>, calculated from copubition, yet strictly sjieaking, 
other factors should be borne in mind. 

(r) \] et(/lit itf fftervft and foetus {rolufuns F <nid V/), — Obviously 
this can only be approximate owing to the s])ecimens having been 
j)lac*ed in jiresei vative. 

id) aS’/cc of f(tctns {rolnnhu FZ/). — Here again only the ajiproxi- 
mate size c-an be given, for apart from the action of the preservative, 
some d<*gree of distortion had taken plac-e through tight pac*king 
in cles])atch. 

It is emphasized thal far more acc-urate observations could be 
macl(‘ with fresh material. 

DISCUSSION ON PLATE. 

As the situation of the foetuses is clearly shown in the Plate, 
it is only necessary to state as follows: — 

(a) Twin /^rcf/nancies . — Of 41 pregnancies b were double, but 
of these in one case a foetus had been disturbed (No. 5). Those to 
rec*eive consideration will therefore be Nos. 20, 21, 81 and 85. 

{b) Single Pregnancies, — Of 41 pregnancies, 80 were single. 
Three, however (Nos. 8, 12, and 18), had been disturbed, leaving 
for further study. 
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{a) Twin Pregnancies. 

lu rej^ard to presentation ^ all were longitudinal, the direotioii 
hein^ one cranial (No. dl), one caudal (No. 20), and two havinj>‘ one 
foetus cranial (rif^ht horn in both instances), and the second foetus 
caudal (Nos. 21 and 35). As to position, Ihe dorso-iliac predomi- 
nated, 0 foetuses of the 7 beinj^ arraiif^ed dorsum laterally, and only 
one (No. 31) dorsum medially. The eighth foetus (No. 35) was dorso- 
sucral in position. In connection with posture this was normal in 
all cases, except for the foetus oc'cupying^ the left horn of No. 35. 
Here the Iread was turned backw’ards and it is possible that tij^ht 
packin<? was responsible. 

{h) Single PimjNANciEs. 

In connection with presentation, of 33 specimens all tvere longi- 
tudinal, 20 beinj** (‘raiiial and 13 caudal. Accordin^j: to Williams, 
W. L. (1931) “ in uiii])arous animals in adranced prej*naucy 

the physiological rule is that the (?ephalic end of the foetus be 
directed towards the <‘ervix ”. The figures quoted are 99 per cent. 
(Schmaltz citing Kehrer) for the mare, and 95-96 per (*ent. for the 
cow. 

In this series of uteri, the majority of pregnancies aie not 
advanced. Assuming, therefore, Williams is correct, then it would 
appear, if the Merino sheep resembles the horse and cow, that during 
intra-uterine development many of tlie presentations now caudal 
would become cranial. 

In regard to position, the following w'ere the relations. — 12 doi>o- 
sucral, this being the case especially towards the end of the series: 
and 20 dorso-iliac, 10 being directed towards the right and a like 
number towards the left. As w^oiild be expected this series charac - 
terized the first half of pregnancy. Only one foetus was found in 
the dorso-pubic position. 

liegarding posture, the general flexed c^ondition of the head and 
limbs was maintained. In a few cases there weie dejiartures from 
the normal, brought about no doubt to some extent by tight pac king. 


CONCLUSIONS. 

An investigation into the situation of the lamb during intra- 
uterine life, admittedly based on dead material, brings to light the 
following facts: — 

(a) That not only in the ewe but also in the mare and cow the 
situation of the developing foetus is not known wdth any (‘ertaiiity. 

{b) That examination of gravid uteri of the dead sheep indicates 

(i) longitudinal presentation apparently remains the same, whereas 

(ii) position and posture are likely to be changed, the former espe- 
cially in early pregnancy and the latter in late pregnancy. Ancl 

( 6*) That of 36 single pregnancies (see Plate) 21 foetuses were 
placed in right uterine horn and J5 foeKises w^ere on the left side. 

The next study will deal with the relationshij) between the 
pregnant horn and the corresponding (corpus luteum verum, which 
followed the ovulation preceding the pregnancy in question, 
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Chase V alley Disease. Cestrum Laevigatum 
Schlecht, its Toxic Effects on Ruminants. 

By J. A. ^I'llOHBURN, B.V.S<-.(S.A.), Veterinary Kesearch Officei-, 

Allerton LitboiaiDry. 


HISTORY OF DISEASE. 

For years stock-owiieis of Chase Valley, situated oa the outskirts 
of Marilzhuro*, have (‘oiuplairied of losses in cattle from a disease 
which he(‘ame known as the (-hase Valley Disease. Losses were 
lieaviest durin«‘ the winter months, June and July in partic-ular, 
the perc^enta^e mortality bein^^; alfe(*ted by the nature of the season. 
As fre(]uent enquiries liad been made to the l)e])artment concerning’ 
the toxicity of the lukberry ])lant {Ce-^tntm) by stock-owners jit East 
Londoti; Durban and the South (V)ast of Natal, and as the ])lant i> 
also found in the (Jiase Valley, suspicion naturally })ointed to this 
])lant as a possible causal a^ent of the disease. In Ihe past unmet ous 
teedino’ ex])eriments were condticted with sjtecimens of this ])lant 
sent in from the above-naitted lo(*alities, but these >ie]ded no definite 
results. 

Towards the <‘nd of May, 192^1, a Mr. (\tni])hell, farming on 
tlie outskirts of the Laborator\ grounds, reported the death of a 
beast from this disease, tin jtost-moitem the lesions indicated death 
<{ue to some vegetable i)oisonin<»’. (hi comparison with th(‘ recor<led 
j>ost -mot tents held by our officials on the divsease, these lesions were 
found to be identical. Dein^* interested the writer f^ot in toindi with 
Mr. Layer of the Natal University College, who in the past had 
been of ^reat assistance to Mr. Mitchell in his botanical work, and 
we arran^^’ed to survey ^fr. (^tmpbell’s farm for ])ossible poisonous 
flora. This was done next day and it was fouml that both this 
Inkberry Plant and a Senccitt sjtecies had lec’ently been eaten by 
(tattle. These two plants were also found to be ])resent in a certain 
j)addock in the Allerton Laboratory grounds, a ])addock definitely 
known to be dangerous to cattle during the months of June and July. 
This seemed to indicate that om* of these two plants may be the 
(*ausal agent of the disease. Material was then collected fiom the 
two plants and feeding experiments (‘onducted. 

One beast was fed on the Svnevio plant with negative results. 
A seciond beast, No. 504, was fed on the Inkberry Plant which pro- 
diK'ed poisoning and subsequent death. This beast was well suited 
for this experiment as it was a young animal that had been excdusively 
stall fed. It was given a mixture of green berries and leaves, sup- 
plemented with hay, and allowed out into a gravelled paddock during 
the day. 
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The experiment was started cm the 21st May. Fiom Ihe 21si 
unlil ihe 27th May it rer^eived 1 Ih. of this mixture every alternate 
day and from the 2Tth May until the 2nd June (date of death) every 
day. On the ?llst May, the beast was noticed to be oft colour, but 
ai)peared slightly bri^liter the next morning?. The dav after the 
]»east went down, showing;?- marked symptoms of (liase Valley Disease, 
and died that afternoon. Post-mortem findinp^s compared with those 
of Mr. (\impbeirs beast as w^ell as those recorded by the TiUlKnatory 
officials on this fJiase Valley Disease. In this experiment the beast 
took readily 1o the ])lant and in all reeeived 10 lb., death occurring* 
uilhin Id days of (onimencement of the experiment. 

The lesult of tliis test jirompted a series of feeding** ex])eri meats 
on a further 11 head of cattle, to be conducted to ascertain which 
parts of the Iiikberry Plant weie toxi(*. Green berries and leaves 
were separately ted and both jiroved toxi(‘ to cattle. Thus in the 
12 animals fed on the lukberry Plant tyjiical (*ases of (ffiase Valley 
Disease were j)roduced. 

At the same time tests were ronducted on a horse, a f»oai, 12 
slieep, 2 pig*s, rabbits, guinea-pig's and fowls. The jilant was found 
to be highly toxic to the sheej) and the goat but harmless to tlie 
hoise, pig, rabbit, g‘uinea-j)ig and fowl. 

DKsc'UirTioN OF Plant, Cei^intm Laevtgaimn, Nat. Herb. No. 821)2, 
BY Mb. a. O. D. M()0(i, Division of Plant Indvstry. 

Habit , — A much-branched glabrous shrub (>--15 ni. high, branching 
fiom the base: stems 2*o— 7-0 (un. in diameter, (‘ovc*red with a 
thin light brownish-grey bark which is easily bruised when it 
shows green beneath and emits an unpleasant dolorous odour. 

Lcart's , — Aggregated chiefly towards the ends of the branches (when 
growing typically 4is a forest sirb-shrub), sim])le, alternate, dark 
green, sub-membranous, from d cm. by 1 (tu. to nearly 10 
cm. by d'8 cm. (esj)e(‘ially on innovation shoots or when grown 
as a hedge) ellipti(‘-lanceolate, entire, obtuse at the apex, a<*ute 
at the base, strongly pinnately veined, glabrous, easily bruised 
when the same jiungent odour is emitted; jretiole 0*()~1 cm. 
in length. 

I aft a rear V ace, — An axillary sub-spicate cymose cluster; peduncle 
short, 0-5— 2-0 cm. loirg, often bearing r'educed leaves wdih 
solitary or 2-nate almost sessile ftowei-s arising in their axils 
and terminated by a (luster of 2-4 sessile flowers. 

Fhnccr.s. — Light green w’ith creamy-yellow’ (‘or-olla lobes, somewliat 
sw'eet sc.ented. 

(Ujly,r. — Five-lolred, campanulate, valvate, glabrous, persistent, very 
slightly accrescent in the fruit, becoming widely compainrlate, 
green in the flower turning olive-browm in the fruit; tube 2*5 
mm. long; lobes at nuLst | of that length, obtuse or truncate 
w’ith scarious margins. 

Corolla . — Tubular 1*5 cm. long, straight, narrowed to the base 
around the ovary, but shortly and smldenly dilated at the throat, 
10-nerved, glabrous, lobes five, connivent, 0*5 cm. by 2 mm long, 
obtuse, with indupUcate-valvate margins. 
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Jaifainens, — Five, iiichided, all perfect, altei Hating with the (*orolla 
lobes; filaments filiform, attached to the corolla-tiibe throughout 
the lower two-thirds of its length, thhhened near the base, 
glabrous, with tin* free portions O-b cm. long*; anthers short, 
ovate; the(‘ae parallel, brown when mature. 

Disc, — Inconspicuous. 

Orarij, — Two-chambeied, shortly stij)itate; style siinj)le, filiform; 
stigma greenish, <*aj)itate, dilated, slightly two-lobed, glabrous; 
ovules in each (*hamber. 

Fry it . — A succulent indehiscent ovoid purplish-black berry 1 cm. 
long by (l b cjn. in diameter, usually with six seeds. 

Sce^ls. — (xre^ ish-broAvn, 0— b cm. long by 2 mm. in diameter, irregu- 
larly flattened and angled by mutual pressure; embryo slightly 
cuived; cotyledons oblong, broader than the ladicle. 

A^ abeady stated the Inkberry Plant is a sjiecies of Cr.stnnn, 
llotanif-al o])inion for ^ome time could not definitely detenuine its 
exact specific name. However, J)r. F. P. Phillips, Princi])al 
Potanist, Pretoria, forwarded a series of syiecimens and photographs 
of the plant to Kew (xardens, ami Mr. X. Y. Sandwith examined 
them and definitely classified the s])e(‘ies as Dcstntni lacrif/aimn . 
This classification agieed with the one given by Miss H. Forbes of 
the Natal Herbaiium to whom syiecimens were also forwarded. 

The diffi(*ul1y of classification may have been due to the fact 
that this ])lanl is not indigenous to Natal, but originally was a 
native of Tropical America. It may thus be a case of an unstable 
genetic lorm of one spec ies which by ada]>ation to its local conditions 
inid dejiending (>n its stage of growth, assumes slight botanical 
differences. d"his is readily seen when one compares the tyi>e of 
growth of the hedge variety with that of the plant growing under 
natural veld «*onditions, as seen in the C^hase Valley. The Inkbeiry 
Plant may be described as a sub-tiopical evergreen shrub which 
undeT natural (ondition^ may attain a height of 2(1 feet and gi-ow’s 
on the slopeN and gulleys around Phase Valley. 

When used as a hedge or windbreak, by repeated c\it tings it 
forms a veiy dense bush, serving well for the ])\irpose for which it 
is used. 

In the young stage the leaves are broad and long, and deep 
green in ccdour. This is well seen from the hedge type and on the 
young shoots given off from the ])arent tree. As the plant develops 
and attains its tree-like proportions, the leaves seen on the ol del- 
branches are smaller, narrow’er and yellmv green in colour. It is cm 
these that the flowers and later the berries develop. The berries are 
at first a deej) green in colour, which later change to deep black as 
ripening oc-c-urs. The plant usually bears its flowers and berries 
during the months of June and July, depending on the stage of 
development of each plant and on the nature of each season. 
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Sj’ages or Toxicity of the Plant. 

Fiom experiiiieuis coiiduetecl the results seem defiiiitely to indi- 
cate that it is the youn^? shoots with their broad j^reeii leaves as well as 
the freshly formed fj^reen berries that are the most toxic to ruminants. 
That is the reason why the Tnkberry hedo-es and windbreaks have 
been found to be such a memu^e because they, in the main, are 
comjK)sed of such shoots. These shoots are equally toxic Mhether in 
the ^Teen stage or (!ut and dried, for in the process of drying it 
does not lose its toxicity. It is of interest to note here, that uhen 
cattle were fed on material collected from a plant, that had already 
formed rijie black berries, this material (tould he fed fuJ hh to rumi- 
nants without jiroducing any harmful effects. 

This led the writer <o think that once bbu k berries had apjieared 
on this plant it was an indication that tin’s plant had reached its 
maturity stage for that year. In this stage the poisonous pro])erties 
had by metabolic ])iocesses become neutralized and lendered inert. 
This probably explains Avhy j>revious experiments with this jdant 
yielded no definite results, and that when su(‘h experiments were 
conducted, the material supplied must have been supi)lied from a 
plant in the blackberry stage. 

Quantity of Plant necessary to PnonrcK Poisoning. 

The object was to prove definitely that this plant was the cause 
of the (^hase Valley Disease, and in all experiments the animals were 
fed right uf) to the time that they showed first synqdoms. An animal 
has been killed w’ith 10 lb. of mixed berries and leaves, but theie is 
a strong suspicion that a smaller amount of the toxic material wilt 
be sufficient. 


Season of the Year. 

(;hase Valley Disease occurs mainly in the months of June and 
July, because it is at this time that the grazing is poor, the plant 
attractive and green and in its toxic* stage, (^attle take quite readily 
to this plant despite its rather unpleuvsant odour, but sheep and goats 
will not touc*,h it, even after being starved for some time. 


Antmai.s Affected. 

Under field conditions the great danger is to cattle. Under 
artificial conditions by drenching and forced feeding small quantities 
of this plant prove deadly to sheep and goats. The.^ horse, pig, rabbit, 
guinea-i)ig, and fowd apparently suffer nc^ ill effects. 


Symptoms of the Disease. 

The period of time from commencement of the feeding test 
until onset of the first symptoms varies in length, depending on the 
quantity as well as the toxicity of the material fed. 

From the onset of first symptoms until the time of death, it 
is usually a matter of a few hours in most cases. 
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(Jatfle , — In the pera<‘ute form the aiiimul is usually fouiul dead. 
In the acute form 8ymj)toms appear suddenly and are severe from 
the onset. They are; Increased salivation with dribbliiif*’ from the 
moutli, running of the eyes, staring c oat, arc hed back, extended head, 
c^essation of rumination, loss of appetite, rapid emac*iati(m and weak- 
ness, stajj-gerin^* gait, in co-ordination of moveinents. The eyeballs 
become sunken, the eyes having a staring, glassy wild look. The 
mucosa becomes slightly injected, moist and yellow-tinged. The 
animal l)ecomes constipated and the anal mucc^sa inflamed. There is 
fre(|uent mic-iuritiori, the urine being ligljt coloured and slightly 
yellow. The pulse becomes w^eak, the respirations shallow^ and 
increased. 

In this stage when the animal is running loose, the farmer is 
warned to be careful wdieii approac-hing and handling suc*h an animal, 
because it is liable to turn vicdous. 

As the symptoms become progj essively woise, the animal lies 
down and c*an be made to move only with ditticulty. liVentually it 
is even too weak to do this and whcm in the lecumbeiit position its 
head is usually held arclied towards the right flank, Acuite abdominal 
i)ain is shown early and this becomes progressively more severe, 
^riie animal (‘ontinuully grinds its teeth and gioans and by restless 
juovemeuts tries to kick and horn its abdomen. 

dust before death su])eivenes the animal struggles and kicks as 
if ill terrific jiain and death seems to (‘ome as a welcome relief. 

In the earl> stages the temperature may show* slight fluctuation 
hut there is no well defined febrile leaction. Fiom onset of first 
symi>toms the extremities of the animal are cold and fiom this onset 
until death the time? is very short, varying from 4-12 lionrs. 

Jn the chronic form the symj)toms are similar but less severe 
and more prolonged. The animal may live as long as d— 4 days and 
in some cases it may rec*over. 

Hecovery in sucdi cases is of a veuy slow nature; the animal 
always remains a bad doer. 

Sheep and Goats , — In these animals the symptoms appear 
suddenly and are very severe. The animal refuses fcxid, cliscdiarges 
ti’om the eyes, shows increased salivation and lachi ymation, rapidly 
becomes w^eaker and lies down. It breathes raj)idly with shallow^ res- 
pirations, the ]nilse becoming weak and wiry. The eyeballs become 
sunken and the pupils of the eyes diluted, giving the eyes a glassy 
fixed look. T^rinatioii increases and the animal suffers acute 
abdominal pain. Just before death ocemrs the animal struggles 
violently. From onset of first symptoms until time of death it is 
a matter of a few hours. 


Diaoxosis, 

This is made from the symptomatology of the disease, the time 
of the year, and the presence of the jdant in its toxic, stage, coupled 
with the post-mortem findings indicative of acmte vegetable poisoning. 
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Pathological Findings . 

The extent and intensity of the pathological findinj>:8 which are 
shown on post-mortem, depend largely on the amount of toxic, 
material fed, over what j^eriod fed, and tlie duration of the symptoms 
produced. 

They are in the main ; (jeneralized lymphadenitis and cyanosis. 
The heart shows increased fluid in the pericardial sac. (hydroperi- 
card.) Preseme of epicardial, endocardial and myocardial 
haemorrhages with degeneration of the myocard. Slight increase of 
fluid in the thoracic (cavity is seen (hydrothorax). There is a large 
increase of fluid in the abdominal (‘avity (ascites.) The liver shows 
snbcapsular haemorrhages. Depending on the amount of plant fed, 
the length of time during which feeding is conducted, duration of 
symptoms, so the liver changes vary from acute congestion to acute 
inflammation and fatty degeneration to liver cirrhosis. The mucosa 
of the gall-bladder is thickened and oedematous and shows the pre- 
sence of petechiae. The kidneys show* acute congestion and degenera- 
tion. The urinary bladder is distended with straw coloured fluid. 
The mucosa is slightly thickened, showing jireseiice of numerous 
petetihiae. Alimentary tract : Abomasum show's presem^e of ac ute 
inflammation, w’ulls thickened and numerous petechiae presenl. 
There is acute inflammation of the small intestines, tlie inflammation 
varying from <*atarrhal to catarrlio-haemorrhagic. The large intes- 
tines show' similar lesions. The caecum is usually filled with blood 
and the walls thickened and inflamed. The recdum contains hard 
lumps of faecal matter covered with a bloody exudate, the mucosa 
being markedly thickened and inflamed. 

Treatment and Prevention. 

As for all vegetable poisonings, when the animal has eaten snfti- 
cient of the toxic material, treatment is of no avail. In the (‘hronii* 
cases that recover, the practitioner can only alleviate symptoms as 
they appear. This is directed fowrards relieving the constipation, 
treating the inflammation of the bowels and restoring appetite an<l 
condition. But as already stated the animals that do recover are 
ahvays bad doers and from the economical point of view should he 
destroyed. 

Prevention is directed tow^ards keeping cattle aw^ay from localities 
where Tnkberiy grows (luring the time when gracing is poor and 
this plant is in its toxic stage, namely in June and July. 

In conclusion the writer would like to emphasise that the experi- 
ments were directed towards proving that the Tnkberry Plant as found 
around the Chase Valley is definitely toxic to cattle and is the cause 
of the so-called Chase Valley Disease. 
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EXPERIMENTAL WORK. 

Cattj.k. 

Kxpet nnrut No. 1. 

Verlod of exifftimeni: 13 days. 

Stall-fed Heilcr C'alf D.O.H. No. 504. Arh' : 15 months. 

Ohjiivf of e.rjn'rinii‘nf : To prove toxicity ol plant. 

21.5.29 1 ll). mixture ot ^reeii berries and leaves fed. 

23.5.29 Ditto. 

25.5.29 i)itt(>. 

27.5.29 Ditto. 

28.5.29 Ditto. 

29.5.29 Ditto. 

30.5.29 Ditto. 

31.5.29 Ditto. 

Animal noticed to be off colour with slijjbt lachrymation, 
salivation and increased urination. 

Improved slij^htlv in the course of the day. 

1 .0. 29 Ditto. 

Animal more or less normal. 

2.0. 29 Ditto. 

Devi'loped acute symptoms of cestrum jioisoning. 

Died in extremis at 3.30 that afternoon. 

i*.M. held was typi<*a1 of (^base Valley Disease. P.M. No. 456. 

lirtnorks . — .Animal was stall-fed throughout. Besides receiving its cestrum 
allowance, it was given hay and water. During the day it was allowed out into 
a gnuelled paddock, ft took readily to the plant and took its ration up to 
day of death. In all it received 10 lb. of the plant. Material was obtained 
IroTii Mr. ('anipbell’s padd(H*k, 

E,rpci nnt'tif No. 2. 

Venml of ('.rin rnm nt : 37 days. 

Stall-fed Bull Calf D.O.B. No. 535. Atjr: ]0 mouths. 

Object of cxpcnmrnt : To prove toxicity of green berries. 

4.0. 29-20.0.29 17 lb. berries (inainly green) fed. 

Material obtained from Mr. t^ampbeirs paddock. 

No symptoms apparent. 

20.6.29- 9.7.29 4 lb. berries fed. 

Material obtaimnl from Mr. Todd’s farm. 

10.7.29 Animal developed acute symptoms of poisoning and died 
that night. 

Conditions of experiment as for previous. 

P.M. held was typical of (’base Valley Disease, P.M. No. 459. 

Iteinarks. — In the early part of the experiment the material was obtained 
from Mr. Caiiijibeirs paddock, but towards the latter part of June it was 
noticed that the grt‘ater part of the material was in the blackberry stage. 
Suspecting at this stage of the work that the plant loses its toxicity when the 
lilackberries form, as no symptoms of poisoning were yet apparent, the material 
was then collected from Mr. Todd’s farm, as his hushes were still in the green- 
berry stage and tyjiical easels of Chase Valley Disease had been reported on his 
farm. 

So it W'as that only when material of plant in the greenberry stage from 
Mr. Todd^s farm was fed that ]ioisoning could be produced. 
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Experbnefit No, 3. 

Vvr 'wd of expai nneiit : 17 days. 

Heifer D.O.B. No. 513. Age: 2 years. 

OUjevi of experiiHent : To prove toxicity of ^reeii leaves. 

17.7.29 2 lb. leaves from Todd’s fed. 

19.7.29 ditto. 

21.7.29 2 lb. leaves from Lab. paddock fed. 

24.7.29 ditto. 

26.7.29 ditto. 

30.7.29 ditto. 

31.7.29 4 lb. ditto. 

1.8.29 2 Ib. ditto. 

2.8.29 Tn the moriiiiifi the animal was noticed to be off colour and in 

the afternoon develojied acute symptoms. 

Died Indore sundown. 

P.M. typical. P.M. No. 465. 

lie marks. — On examination of the bushes on Mr. Todd’s farm on the 21st 
July it was found that the majority were in the blackberry stage. It was then 
decided to take matenai from an inkberry hedge growing around a Laboratory 
paddoc'k, as it was still in the green berry stage. 


Experiment No. 4. 

Penod of experiment : 25 days. 

Black Bull D.O.B. No. 531. Aj/c: 2 years. 

Object of the experiment : To prove the toxicity of the green shoots. 

7.8,29-31.8.29 20 lb. of green shoots from a Laboratory paddoi^k hedge 

fed. 

31.8.29 Animal developed acute symptoms in the afternoon and 
died that night. 

From the appearance of first symptoms until time ot 
death it was a matter of 4 hours. 

P.M. typical. P.M. No. 473. 


Expernnt nt No. 5. 

Venod of expenment : 13 days. 

Black and White (W D.O.B. No. 5.34. 

Object of experiment : To prove toxicity of dried leaves. 

In June this animal had been fed on inkberry leaves from Mr. M. 
Cainpbeirs imddock, receiving daily small doses of not move than 1 lb. From the 
26th June it received similar doses of material from Mr. Todd’s farm and 
later from the Laboratory paddock without harmiul effects. 

On the 18th August it was decidetl to test out the toxicity of a quantity 
of dried leaves obtained*, from the hedge of the Labomtory paddcn-k. These 
leaves had been dried for about a month. 

F'rom the 18th until the 31st Aupist 14 lb. of such material were fed. 
The dried leaves were made into a fairly hard paste with water. Quantities 
of 1 lb. were fed by spoon daily. 

On the 31st the animal developed acute symptoms and died within a 
few hours. 

P.M. typical. P.M. No. 474. 

Similar experiments were conducted on seven more animals, feeding young 
leaves ainl green berries. Some were fed on small quantities of not more than 
1 lb. daily, others on 4-6 lb. and even as much as 10 lb. weekly, at intervals 
with no apparent effects. 

But it was noticed that in all animals when the larger dose of 4-5 lb. was 
fed at short intervals, it very soon produced poisoning and rapid death. 
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These IarK<^r quantities were made intn a j»aste with i small amount of 
water and forcibly fetl by spoon. 

P.M. No.’s and D.O.B. No.’s are as follows: — 


Heifer, 

(Jow 

Bull, 

Cow, 

Heifer, 

Heifer, 

Ox, 


aged 

aged 

aged 

aged 

aged 

aged 


18 months, 

D.O.B. 

No. 

501 , 

P.M. 

No. 

460. 


— 

D.O.B. 

No. 

.‘J99, 

P.M. 

No. 

4(5:1. 

.*1 

years. 

D.O.B. 

xNo. 

488, 

P.M. 

No. 

464. 

4 

years. 

D.O.B. 

No. 

450, 

P.M. 

No. 

466. 

4 

yea rs, 

D.O.B. 

No. 

519, 

P.M. 

No. 

467. 

2 

years, 

D.O.B. 

No. 

514, 

P.M. 

No. 

468. 

5 

years. 

D.O.B. 

No. 

44,*!, 

P.M. 

No. 

472. 


TYIMCAJ. POST MORTKM. 


Tvferim 

Died during the night. 

Piqm^ Mortis 

I*resent in jaw, hind limbs, and broken forelimbs. 

(Condition 

Poor. 

Abdomen 

Not disUmdetl. 

Tnteffument 

. . N.U. 

Natural Opnunqs 

.. Mucous membranes, injected and moist. Anal M.M. reddened, 
presence of solid ingesta. Eyes sunken, pupils rlilated. 

Blood 

Dark red in eohuir, stains well. 

Flesh 

.. N.U. 

Suhviilaneous Tis^nr . 

Small amount of fat, shows numerous red areas and gelatinous 
infiltration. 

Peritoneal t ^avitij 

Omemtum shows numerous dark red areas, increased amount 
of fluid, about 5(M> e.e. present. • 

Oiaphraym 

. . N.U. 

Pleural Canties . 

Slight increase* of fluiel. Ovct diaplir.. Pleural, (V)stal. Mediast. 
and Pericard. surfaces presence of numerous scattered red 
areas. 

Salimry (/lands . . . . 

. . N.U. 

Thyroids 

. . Over surface presence of pinpoint dark areas, on section 
apparentlv normal. 

Thymus 

. . N.U. 

Ijymph (/lands 

. . Throughout carcase enlarged, on section nicust with j resenc<‘ 
e>f red areas. 

Tonyui 

.. N.U. 

Phai ytijc 

.. N.U. 

Oesoph^tyns 

. . N.U. 

Larynx 

.. N.U. 

Trachea 

. . N.U. 

Lunqs 

. . N.l’., except for slight injection of hrom*hial mucosa. 

Heart.. 

Pericardium, There is increasetl amount of fiuid in pericardial 
sac (266 C.C.). 


Efiifardium. Smooth glistening and transj>arent with j^resenee 
of numerous dark red areas particularly over the auricles. 

Kmlocardium. Smooth glistening and light grey in colour 
with presence of numerous dark red areas. 

Myoeardium. Light gre> in colour, with reduced consistence, 
and on section slightly moist with presence of small pinpoint 
red areas. 

Liver Capsule smoothe and glistening with presence of irregular 

dark red areas seen under capsule. Its size is re<hiced and 
edges sharp. On section the cut surface is light yellow- 
brown in colour and lobulation indistinct. Edges are inverted 
and consistence increased. 

Gall-bladder is ilistendetl, with a grv^nish yellow thick bile ; 


the mucosa is thickened ami shows presence of pinpoint red 
areas. The walls of the bladder are thickened and oedematous. 

Pancrma N.U. 

/Spleen N.U. 

AdrennUi Normal in size, on .section is moist with presence of scatU'red 

red areas. 
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Kidney H 


Alimentary Traci 


Vro-geniial System 


Nervous System 

Skeleton 

Pathological Anat. Diag 


Etiological Diagnosis 


Capsule contains slight amount of fat, strips easily leaving a 
greyish -red surface. On section surface is moist, and reddened 
zones indistinct, consistency reduced. 

Rumen contains large amount of somi-solid ingesta and the 
mucosa strips easily. Reticulum is filled with the ingesta 
and the mucosa strips easil>\ 

Omasum is distended with solid ingesta, and the mucosa strips 
easily leaving a pinkish-red surface. 

Abomasum contains a fair amount of fluid ingesta, the mucosa 
is swollen and shows diffuse pinkish-red surface with dark 
red areas. The surface is covered with a thick yellow exudate 
somewhat blood-stained. 

Small intestines; throughout its length shows the mucosa to 
be thickened and diffusely reddened as well as being covered 
with a yellowish-red exudate. The latter portion on external 
appearance has a slate-blue colour. 

Lirge intestines similar to small intestines. The colon has 
also a slate-blue colour externally. 

Caecum is filled with a dark red fluid which is ingesta admixctl 
with blood. The mucosa is markecily thickened and reddened. 

The rectum contains hard lumps of solid ingesta which is covered 
with a slimy rod exudate. The mucosa is thickened arid 
diffusely reddened. 

Urinary bladder is distended with a slightly turbid fluid. The 
mucosa is slightly thickencHl and reddened, showing presence 
of numerous small rcifl areas. 

Sexual organs, N.U. 

N.U. 

N.r. 

Slight catihexia. Cyanosis. Generalised lymphaclenitis. Hydr*)- 
thorax, hydropericard and ascites. Numerous sub-serous 
haemorrhages. 8ub-Epi-Endo, and Myo-cardial haemorrhages. 
Degeneration of Myo-card. Ascites, Cirrhrrsis and degenera- 
tion of liver with presence of sub-capsular haemorrhages. 
Catarrhal inflammation of gall-bladder. Slight hyperaemia and 
degeneration of kiilneys. Petechiac of urinary bla<lder. 
Impaction of fore-stomachs with catarrhal abomasitis and 
cat irrho- haemorrhagic enteritis, colitis and proctitis. 

Vegetable Poisoning. Feeding Cestrum laevigatum ((^hase 
V'alley Disease). 


Hhkkp. 

To test out the toxicity of this plant on sheep it was fed to eleven sheej) 
and produced toxic effect resulting in death. 

It was found that even after prolonged starvation sheeji would not eat 
ol this )>lant. In all cases it had either to be forcibly fed by spoon or drenched 
with a stomach tube. 

In the first experiment on sheep D.O.B. No. 613 the animal received 
1 ih. of minced green berries on the 18th July and a further 21 Ih. on the 
19th. On tile 18th the temperature rose to 103*6 F., and on the 20th to 105. 
On the 21st it dropped down to normal and continued normal until the 30th. 
On the 30th the animal received 3 lb. of minced green berries, and in the 
evening temperattjre rose to 103*4, the animal showing marked symptoms of 
disea.se. It died overnight. Post-moi*tem held was indicative of acute vegetable 
poisoning, as well as comparable with the post-mortem lesions seen in cattle 
(lying from cestrum poisoning. 

A similar experiment was done on shec^p D.O.B. No. 611 ; only in this 
experiment the animal was drenched with a stomach tube with a watery 
extract of 3 lb. of minced green herrie.s and leaves. 

Experiment started on the 7th August and animal received the above 
quantity. On the 8th the temperature rose to 103*6, and animal was noticed to 
be off colour. On the 13th August it received a further 4 lb. of watery extract 
of berries and leaves. On the 14tli the temperature rose to 105*2, tlie animal 
showing acute symptoms. On the 15th it died. 

Post-mortem held was typical. 
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All experiment was then oonclurted to test out the toxicity of young cestruin 
leaves on sheep D.O.B. No. On the 6th Hepteinher it was drenched with 

a watery extract of 4 lb. of minced green leaves. On the 7th the teinjierature 
rose to 10o*4. The animal developed acute symptoms and died in. at 

midday. 

Post-mortem typical. 

A similar experiment was (*onducted on sheep D.O.B. No. 660, which on 
6th September received a waterj^ extract of 2 lb. of minced green leaves. On 
the 7th the temperature rose to 105 *6. Animal developed acute symptoms and 
cluul that afternoon. 

Post-mortem typical. 

Similarly for sheep D.O.B. No. 65S, which received 2 Ih. of green leavt‘s 
m the morning of the 10th September. Temperature r<we to 104*4 that after- 
inH»n. Acute symptoms developed and on the following day it died. 

Post-mortem typical. 

Similarly for sheep D.O.B. No. 662, fed on the 17th Se[)tt‘mhcr ; death 
occurred within 24 hours, the temperature rising to 105*8 on day ot dosing. 

I’ost-mortem tyjncal. 

It was then decided to try a smaller quantity of green cestruin leaves. 
Sheej) D.O.B. No. 664 was dosed with a watery extract of one and a half pounds 
on the l*lth Septenihm*. The temperature rose to 1(^5 *4 on the morning of the 
1 Hh. The animal died at ikmui. 

Post-mortem typical. 

The next object was to ascertain whether the grec*n leaA es in the dried 
state would he toxic to sh<*e]). For this experiment four slieep were usihI. 


D.O.B. No. 
death lu 

661-24397 
24 hours. 

re<*ei\ ed 

extract 

of 

1 

Ih. 

di'i<*d 

hsives. 

protliicing 

D.O.B. No. 
death i u 

659-24439 
24 hours. 

received 

extract 

of 

2 

11). 

drier 1 

leaves. 

producing 

D.O.B. No. 
death in 

657-24525 
48 hours. 

rec*eived 

extract 

of 

2 

Ih. 

dried 

leaves, 

producing 

D.O.B. No. 
death in 

666-24607 
12 hours. 

i*eceived 

extract 

of 

3 

Ih. 

d ned 

lc*aves, 

jiroducing 


Goat. 

Ill order to ascertain whether this plant would he toxic ti> goats, goat 
D.O.B. No. 609 was used. 

Oil the 7th August, 1929, it received a watery extract of 4 lb. of minced 
green lierries. On the 13th it re(*eived at further 4 lb. On the 22nd it re<*eived 
an extract of 1 lb. of berries and leaves. On the 27tb it received a further 
5 lb. Shortly afterwards the animal developed acute symptoms ol poisoning 
and died on the 28tb. 

Post-moiteni typical. 

FlUl TH KH ExPKRIMEXTS . 

This plant was fed to the horse, pig, rabbit, fowl and guinea-pig wutli 
api»arently negative results. 
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Fig. 2. Beiry, lea\es, and floweis, ci oss-sectioii ol flo\vers and berry. 


679 






Onderstepoort Journal of Veteruiavy Science and Ani'tnal 
Industry^ Volume 2, A'vmher 2, Aprils 1984. 


Urginea Capitata Baker — The Berg Slangkop. 
Its Toxic Effect on Ruminants. 


By 1). J\J1TCHI]LL, M.li.C. V".vS., formerly Veterinary Research 

Officer, Allerton, Natal, and 

A. S. CANIIAM, F.R.C.V.S., Veterinary Research Officer, 

Allerton, Natal. 

With a Brief Botanical Survey of Area 

By A. ^1. BAYER, M.Sc., Jiceturer in Botany, Natal Vniversity 
Col 1 e^'e , Ri eternj ari i zbu . 


1. 1nTUOJ)U( I’lUN. 

2. ])KscltTpTI()^ OF VimtInka Capitata. 

8 . History of OrnmKVK of Poisoning. 

4. ToxKa j'v OF Plant. 

o. Symihoms: Nati kat.ly Pkodooei) Cases. 

(). PoST-MORl'KM : N \'IT ItALLY PllODlTUn) CaSES. 

7. KxPKRinEN TA L WoKK. 

((^/) Fkej)incj Tests, 

( h ) Toxk' Dose. 

(r) Sy.mjm'oms. 

{(f) PoST-MOiriEM. 

8 . CoN(U.TJS10NS. 

9 . Boi’anu al Si kvey of Area. 


iNTROnm’TfON. 

In my jnevious repoit on l^ryi/K'o- macrocentra Baker, that appeared 
in the Director’s 11th and 12th Report it was inenti(»ned that in 
South Africa three species of Slang’kop were known to he ])oisonoiis 
to stock. 1’o this list must now be added Vrrjinea capifaia Baker — 
the Bero’ SlauR’ko]). 

As the name iinjdies it is found in Natal mainly in the vicinity 
of the I)rakensberf>* Rano-e. This work was done on plants obtained 
from the National Park area near Ber^ville. Steyn (1932) states it 
is also found in the Transvaal and Griqualand East. The plant was 
identified by Dr. E. Phillips of the Division of Botany. 
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UKGINEA CAPJTATA, ITS TOXtC EFFECTS OK EUMINANTS. 

13escrii*'J'10K of Urghiea capttata. 

IJrginm. capitafa linker; bulb globose, in. diain. ; leaves 

()->8, not fully developed till after the flowers fade, linear, a foot 
long, ill. broad; peduncle lateral, terete, ^-1 ft. long; rareine 
many -flowered, capitate, globiise, in. diam. ; pedicles at first 
^ in. long, finally IJ in. long; bracts minute, ovate, deeply saccate 
in the middle; perianth i~l/5 in. long, white inside, bright claret- 
purple outside ; filaineuts (davate, much shorter than the i>erianth ; 
style tri( usi^idate, as long as the ovoid ovary; (*a])siile in. long. 

History of Outbreak. 

On 31st October, Mr. Otto Zunkel who had taken over the 
National Park, sent 2 spans of oxen from his farm Need wood to this 
new farm and on 31st October they were placed in the “ Pastures 
camp. On the 1st November 144 head of mixed cattle were also 
placed in this camp while about 20 milk cows were drafted to the 
camp known as the Vemraan or Dooley camp. On 2nd November 
it was reported that the oxen were sick and purging profusely. On 
3rd November, two oxen died in the morning and three in the after- 
noon, while on 4th November a further five died and a numl)er of the 
mixed lot were also sick. 

Mr. Zunkel then moved all his (‘attle, with the exception of the 
milk cows and their calves, back to another farm “ The laike 
where deaths continued. He lost in all 44 head of stock. Jilood 
smears were negative and chemical analysis of organs and ingesta 
showed nothing in the way of chemical or alkaloidal poisons. 

About the middle of November Mr. Zunkel borrowed oxen from 
Ladysmith and Coleriso and run them with his milk cows and calves 
on Vemraan camp. All cattle here remained healthy. 

As a result of a visit made it was seen that there was a great 
difference in the veld on Vehiraau and l^istuies cam])s. The former 
was grass veld wdth some low scrub and the latter o])eri veld with 
many liliaceous plants, senecios and studded with Proteas. It vas 
especially noted that IJrginea cupitata (at that time not identified) 
and many s])ecies of senecios occurred in niucL greater abundance 
on Pastures than on Vemraan. The XTrgiiiea showed evidence of 
having been browsed on fairly freely but only rarely were Senecios 
found eaten. The- symptoms shown by the 'affected cattle were as 
follow’s: — tucked up appearance, sunken eyeballs, loss of appetite, 
no elevation of temperature, profuse diarrlK)ea with blood stainecl 
faeces wifh clots of unaltered blood in some cases. Post-mortem 
examination showed mild gastro-enteritis. 

Mr. Zunkel placed his herd at our disposal and the following 
tests were arranged. 

{a) One seven months’ old tollie to he forcibly fed with the 
plant. 

{h) 12 young stock (G-9 months) to be placed on Pastures. 

(c) 12 young stock (12-18 months) to be placed on Pastures. 
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None of these cal tie had had previous access to I^astures. I'his plan 
was decided upo)! on the 7th IJecemher when the three groups of test 
animals were immediately drafted to this camp. The tollie was 
dosed at 7 p.m. on the 7th December. 

Mr. Zunkel’s farm was left on 8th December when he informed 
me he was j)laciiim' all his cattle on Pastures tlie Jiext day. lie also 
infoimed me that the loaned oxen after dip])iu^‘ on the bth hail been 
placed in the Pastures camp on the 7th. 

Allerton Laboratory was reached on lOth Decejuber when at 
10 a.m. (Tovernment Veterinary ()th(*er Diesel ran^- me up anu 
informed me tlial the loaned oxen in Pastures were })iiifiin‘* badly 
a!id refjiiested my return. 

Mr. Payer, Ijecturer in Potany, i^atal Puiversity Colh^^^e, 
accompanied me. 1 have pleasure in attaching- his survey report to 
my article as part of it. 

Mr. Payer’s re))ort will show that Ihe botanical evidence pointeo' 
strongly to Pr^inea as 1 he suspected plant. 

On arrival al the farm on the afternoon of the llih December, 
10 oxen had been i)U icing badly bill were recovering as a result of 
(reatmenl while the tollie had died early that morning piior to our 
airival. The ])ost-mortem of the tollie revealed the following: — 
Pulmonary congestion and oedema, xjeric'ardial and en(lo(*ardial 
extravasations, cyanosis of the mucosa of larynx, ])harynx and 
traiihea, slight gastritis, acute haemorrhagic en.teritis of lower half 
of the ileum, a(*ute haemorrhagic inflammation of re(‘tum. 

In the 1 ight of this it was decided to (‘ondiict feeding tests. 

Toxicity of Pi.axt. 

To be capable of causing so many deaths in so short a lime 
points to the fact that the poisonous ])rinciple of the plant must he 
very jiowerful or that the plant must he prevSent in great quantities. 
The natives, however, assert that buck eat freely ot ilie ])lant and 
they tliemselves use the cooked leaves as an aiticle of diet. What 
appears strange is the faid that the previous owner Iiad introdu(*ed 
cattle frequently and at all seasons into the “ Pastures ’’ cam]) for 
the past seven years without loss. Moreover, he consideieil the 
grazing at “ Pastuies ” the best on the farm and ran his milk lows 
here. 


Symptoms. 

These under natural conditions were not numerous and are 
similar to what one wmuld exjiect in plant i)oisons, viz. tucked u]> 
apjiearance, eyes sunken into orbital fossae, no temperature, loss o1 
ajijietite, profuse diarrhoea. A rather characteristic symptom noted 
was ex<‘essively blood stained diarrhoea, which in some (‘ases 
resembled pure coagulated blood. These are, of course, quite a 
diftereut picture from what one sees in cases of T/. mactarcnfm 
poisoning wdieie constipation is marked. Symptoms appear quickly 
and then according to the severity of them the animal either lingejs 
on or dies quickly. 
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PosT-MoiiTEM IN Natuually Pk.odi;cei) Cases. 

From actual field observations the following changes were 
generally found : — 

No disleiision of the carcase, escape of small amount of ingesta 
from mouth. 

Mucous membranes of lips, mouth, tongue and oesophagus 
normal. 

Trachea and lungs : Normal. 

Kumeii and contents : Apparently normal. 

lleticulum and contents ; Apparently normal. 

Omasum and contents: This stomach showed either “ patchy 
or marked inflammation of the leaves, with uh'eraliou of the mtiin- 
brane over several of the inflamed areas. The contents were rather 
more fluid than normal and were slightly blood stained. 

Abomasum and contents : This stomach showed either ac'Ute or 
subacute inflammation of inucons, submucous and musi*ular coats, 
jmtchy in cliaracter, in some, membrane detached and stomach con- 
tained blood clot. 

Small intestines and contents: Very few slight patches ui 
inflammation — lumen filled with black viscid fluid. 

Spleen : Normal. 

Kidneys: Slight inflammation. 

Glands : Many of these were slightly haemorrhagic but not 
enlarged. 

liiver : Enlarged, paler than normal and presented a “ cooked 
appearance, 

I'l’inary bladder: Greatly distended with normal urine, appear- 
ance of bladder normal. 


ExPKEI MENTAL WoilK. 

{a) F^edinf] Tests, 

No previous work* done on this plant could be tra(*ed. In the 
experiments carried out it was found that the animals took the 
leaves of the plant quite readily when they were mixed with lucerne. 
The cattle used varie<l fiom 18 months bi 4 io 5 years of age. These 
were <'onstiintly stabled during the experiment, 

C, 44li. Age: 18 months. 

Fed with one pound of plant on 14th December, 1926, taken 
mixed with lucerne. 

16th December, olf feed and water; lying down most of 
time: faeces soft; evidence of abdominal 

Rcnmrks , — This animal received 1 lb. of the plant but only 
develoi)ed mild symptoms. The symptoms continued until the 18th 
December, when indications of recovery became apparent. This 
animal was discharged about 2 weeks later quite recovered. 

* In 1926, Mr. P. L. le lloux, late Veterinary Besearch Officer, Onderste- 
poort, informed me that he had proved the plant growing at Ermelo toxic to 
sheep. (D. G. Stern.) 
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C. 423. Age: 2 years and 4 months. 

Fed with 2 lb. of plant on 13th and 14th December, 192G, 
mixed with lucerne. 

15th Decembej*, large quantities of fluid faeces passed; 
abdominal pain: animal olf feed and water; lying down 
frequently. These symptoms persisted until ITth when 
the quantity of faeces became less, mixed with mucous, 
and blood stained. Eyes very sunken. Animal looking 
miserable. A second attack of purgation occurred on the 
18th which persisted. Animal losing condition. A 
small quantity of food is now being taken. 

Eanarks , — This animal received 4 lb. of the plant and showed 
fairly marked symptoms two days aftei* commencement of feeding. 
By the 3rd day symptoms were marked. No more of tln^ plant was 
given and the animal gradually recovered, being discharged in about 
2 weeks. 

C, 427. Age ; 4 to 5 years. 

Fed with 3 lb. of plant on 13th and 14th Deceinl)er, 192(>, 
mixed with lu(*erne. 

15th December, small quantity of greenish fae(*es passed; 
later giunting, off feed; eviden(*e of great abdominal pain; 
paddling movements with the hind feet (‘ontinuous; not 
lying down. 

Post-mortem, 

Died about 7.30 on night of 15th December. 

The post-mortem sliowed : Cyanosis of i)haryngeal miu^osa; 
oedema and hyperaemia of lungs; Trachae : foam. 

Hear!: Inliibition right ventricle and extravasations lelt 

ventricle. 

Liver: C o nges lion. 

Kidneys: Congestion of intermediate zom^. J,<inear hy])eraemia 
of cortex. 

Abomasum and duodenum; Blight patchy hyperaemia. 

Ileum: Acute haemorrhagic enteritis; contents blood stained. 

Large intestirms: Acuite patchy hyperaemia. 

I{e('tum : Difl'use hyperaemia with well marked longitudinal 
lines of acute hyperaemia ; mucosa thickened and catarrhal. 

Pe marks , — Being an older and well grown out animal G lb. of 
I he ])lant was fed, death resulted in two days from commencement of 
feeding. 

C, 472. Age : 4 to 5 years. 

Fed on 13th and 14th December, 192G, with 4 lb. of plant 
leaves mixed with lucerne. 

15th December, puigiug profusely large quantities of fluid 
faeces; no food or water taken; animal dull. 

IGth December, no faeces passed. 

17th December, diarrhoea again commenced in the after- 
noon; larger (quantities fluid faecies passed; eyes sunken; 
rapid loss of (condition; abdominal pain; nasal discharge. 
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Post-mortem, 

Deatli occurred on 19th December, 4 a.m. 

Post-mortem showed: Cyanosis of pharyngeal mucosa. 

Oedema and hyperaemia of both lungs. Foam in Tracheae. 

Extravasations left heart. 

Slight congestion of liver, spleen and kidneys; marked patchy 
hyperaemia of mucosa of abomasum, especially of folds. 
Acute diffuse hyperaemia of duodenum with Zebra mark- 
ings. Jejunum ; ditto. 

Ileum : Cherry red mucosa, contents deeply blood-stained, bright 
brownish red, increasing in intensity to ileo-caecal valve. 
Caecum : ditto. 

Colon : Patchy hyperaemia. 

Rectum: Intense diffuse hyperaemia; mucosa thickened, covered 
with tenacious blood exudate. Collection of blood clots in 
front of anus. 

Remarks , — This animal received 8 lb. of the leaves but only 
died in days from the commencement of feeding. 



Fig. 1. Urginea capitata Baker, about one-third natural size. 
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C, 468. : 6 to 4 years. 

Fed on 17th December with 1 lb. of plant leaves mixed with 
lucerne. 

shown were only mild, similar to C. 442 and this 
animal recovered rapidly. 

{h) Toxic Dose. 

From these tests it would be difficult to give an exact figure for 
the amount of the j)lant to be eaten to set up fatal cases. One w^ould 
suggest that for an average sized beast the amount w’ould be between 
6 and 8 lb. From the fact that these experimentally fed animals ate 
the plant (piite readily on two oc(‘asions when it was mixed with 
lucerne one could quite imagine that under field conditions animals 
would eat fair (juantities at one time. This would rather indicate 
that the taste was not objectionable to them. 

(c) Symptoms. 

In neither of the animals that died was blood stained diarrhoea 
present, this was probably due to the rapidity of the poison. If they 
had had smaller doses and lived longer dysentery would probably 
have been present. No temperatures weie raised during the feeding 
ex])eriment. 

{(1) Fost^ mortem. 

The lesions obsei-ved in these animals were almost identical with 
those seen in naturally occurring cases in the field. 

CONCLtlSTONS. 

{a) A description of l^ryluca capita fd and a survey of the aiea 
in whicdi it was found is given. 

(h) Symptoms and post-mortem changes as observed under both 
field and laboratory conditions are given. 

(c) Results of feeding the plant to experimental animals are 
recorded. 

(d) It appears as if fatal cases of poisoning by this plant can be 
produced by feeding from 6 to 8 lb. of Uryinea capitata. 

(e) The taste of this plant does not seem to be objectionable to 
animals as it was taken quite readily when mixed with lucerne. 


9. Botanical Survey of Area. 


By A. W. BAYER, M.Sc., Lecturer in Botany, Natal University 
College, Pietermaritzburg. 


A PRELIMINARY survey of the two camps showed that they were ecologically 
very different in composition. 

T?ie Pastures Camp. 

The Pastures camp (in which the deaths occurred) was an open community. 
Only in the lower parts of the camp were grasses at all abundant, and even 

687 



UUGINEA CAPITAI’A, ITS TOXIC EFFECTS ON RUMINANTS. 


then they were rather sparse. Owing to grazing they were not much more 
than 3-4 inches high. In the upper parts owing partly to road-making opera- 
tions, and also probably to increased erosion due to the steepness ol* the 
ground, the vegetation was very thin and only a few riideral species were able 
to exist Huccessiully. Amongst the grasses noticed were Digiiaria (fcrnata)^ 
Sf'taria verticillatu y Eragrastts (pio/oi), Amlrop(tgon ^vJurensiSy Panicum 
Hdtalenuf'y Ar'^sfiilid (rulpinij PiiHpaiuin sp. Associated with these were noticed 
Senecio sera, S, speciasns, S. nasfvlatus, HeUchn/sum aureonitens, U, appear 
diculatum, squanmsym, HapJavarpa scnposa^, Erlosema sp., Crotolaria. sp., 
Herm>annia verotiicifolta, Ithu^s discolor, Acalypha pedunvulartH, Ooralis sp., 
(^ynoglossuin sp., Scdla spp., Hypoxis spp. and Urginea vajvtnta. 

Owing to the paucity of the grasses, the associated plants showed signs 
of having been eaten by the cattle. Although a careful search of the camp 
was made for known poisonous plants none were seen. A few plants of Morea 
rivwluris were found which were near a small stream, outside the camp. These 
had not been touched by the cattle. ZTtginea capifata was, however, very 
common in the camp, and scarcely a tuft of leaves of this plant could be fimnci 
that had not been i*roppi‘d. A few of the Hypoxis spp. (of which there were 
common) had also been eaten off. 


The Ven}raxLn or Dooley Camp. 

The Vemraan camp was typical high veld grassland. It had evidently not 
been strongly grazed and the grass stood 18-24 inches high. The chied’ grasses 
noted were Therneda irtaudia, which was dominant, AJonocynihruat censaeform ts, 
Scfaria (verttciUafa), Tricholaeua svfifolia, Kvagrostis Inizonles and chalcantha, 
and Trichopferix snnpfcx. Amongst the associated plants the following were 
noticed: HelichrysutH sfjunr}iosittn , //. adenoca rpitin , Senerio sera, Aadypha 
(peduncvlards), Ohiyfin nafalensis, Srilln sp., Hypoxis sp., and a few shrubs 
of Tiuddleia saliufolia. These ass(K;iated plants wx^re not numerous and had 
evidently not been touciied by the cattle. On the eastern side of the camp the 
composition was somewhat different, consisting of Bracken Fern societies, and 
containing numerous assmoated jilants, viz., species of IJ fd ichry^uw , Scnecio, 
CluyUa, Acalypha, Scilla, Hypoxis, and Utginea capifata. As the grazing on 
this side was poor, the cattle had kept to the grasses at the top of the slope. 

As a result of this survey, it was felt that the poisoning, since it was 
probably of vegetable origin, must bt^ due to Urginea cupifafa. In order to 
make quite certain that the jilant did not <K‘Cur hi the Vemraan catni) to the 
same extent as in the Pastures camp, it was decided to make the survey more 
intensive. Accordingly, a handy •quadrant was improvised out (if a few yards 
of string and a few shuri) sticks. This was easily pegged down and moved 
a flout, and enclosed an area of four square yards. At first the quadrants were 
mapped rather intensively, but it soon beeame apparent that the time at our 
disposal would not permit of such a jirocedure. It was therefore decided to 
con(;entraie U])on Urginea. capifata and tbq spp. of Hypoxis. Quadrants were 
taken in places where Urginea capifata was very common, and also where 
it was less frequent. These are designated respectively as maximum and mini- 
mum quadrants in Table 1 ItcIow. 


Tabi^r 1. 



Pastures. 1 

i 

Vemraan. 

Urginea, 

Hypoxis, 

1 

Urginea. 

Hypoxis. 

Quadrant No. 1 : 

Maximum Quadrant. , . 

49 

6 

4 

nil 

Quadrant No. 2 : 

Maximum Quadrant. . . 

67 

42 

3 

7 

Quadrant No. 3 : 

Minimum Quadrant.. . . 

14 

32 

nil 

67 

Quadrant No. 4 : 

Minimum Quadrant.... 

a 

43 

nil 

70 
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Several quadrantu were taken in places where the distribution was medium 
Jind the average of these is given in Table 2: — 

Tablk 2. 



Pastures. 

Vemraan, 

- 

Vrginea, 

Hypoxift. 

1 Urginea. 

Hyjjoxia, 

Average quadrant 

22 

16 

nil 

62 


These showed that in placjes the frequency of V rgineu mpifafa was very 
high indeed in the Pastures camp. As many as 67 plants occurred in four 
square yards. In the Vemraan camp Urgniea cdi/ifafa was relatively rare. 
I’he Hgpoxis spp. were much more frequent here than in the Pastun?s camp. 
Accordingly with the assistance of nativ^es, kindly lent by Mr. O. Zunkel, of 
the National Park, a few sackfuls of T^rginaa plants were collected and brought 
back to the Veterinary Laboratory at Allerton for further investigation and 
fet^ding tests. 
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